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ABSTRACT 


A knowledge system for the design of aircraft landing 
gear with optimized leg has been developed. The system has 
high degree of flexibility which helps the user in compara- 
tive study of the design with slight changes in parameters. 

It may be used as a teaching aid for beginner and an effective 
tool for an experienced designer. 

The knowledge system works on the basis of logic pro- 
gramming. The predicate calculus used is horn clauses. The 
knowledgebase of the system consist of landing gear design 
processes coded into 'if-then' rules. 

The design details that has been coded into the database 
are, tyre design, detailed wheel analysis and design, landing 
leg analysis and optimal weight design, and brake design. 

It incorporates procedures used for the selection of, type 
of landing gear, tyre pressure, type of landing leg, shock 
absorber, and brake system. 

It is possible to get a design details for any type 
of requirement without designing the landing gear completely, 
after the system has generated experience of designing many 
landing gear. 
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CHAPTER - 1 


INTRODUCTION 

1.1 Landing gear design 

The landing gear represents a substantial unit of 
modern aircrafts. It accounts for 3.5 to 5 percent of gross 
weight of the aircraft or 15 to 20 percent of its structural 
weight. 1 Though, contribution of undercarriage to flying 
and economy of aircraft is virtually nothing, when the air- 
craft is not flying its function is much more important than 
any other part of the structure. 

The purpose of undercarriage is to perform the following 
major functions during ground-run of aircraft : 

(i) to taxi or roll up to its take-off position, and 
away from its landing run ; 

(ii) at the moment of landing, to observe its direction 
of motion, from a downward glide to a horizontal 
run along the runway $ 

(ill) to carry its own means of retarding forward motion, 
or braking, without resort to external arresting 
equipment } 

(iv) to provide an accelerating run for take-off $ 

(v) and to absorb the shock when taxying over a rough 
track 

Undercarriage unit consists of, tyres, wheels, brakes, 
landing legs and associated retraction equipments. This 



2 * 

system should withstand all or some of the following loads ^ : 
high vertical load, drag load, side load, and anti-drag load* 
There are different stressing cases, with combination of above 
mentioned loads, which are discussed in the following chapters. 

Aeroplane wheels themselves present few fundamental 
problem to the landing gear designer. To enable the tyres to 
be fitted and removed, wheels are usually of split ox detachable 
rim type'*', the old fashioned well-base rim, which is still 
used on road vehicle, being rare on modern aero— wheels. Several 
large modern aircrafts are making use of double-tyred wheels . 

An important problem in design of modern high-speed aircrafts 
is accomodation of brake of adequate energy absorption capa- 
city inside the wheel* 

of 

Landing leg may be/ articulated type or telescopic type; 
former being heavier, less used in practice. Use of articu- 
lated layout in main and nose legs is unusual, it is virtually 

jibl- *§» . «ii> *#** m mm JC- m, 4* "9* & 1 ■ utW m < T“ T *% j*®. ,*% H *«* * ***, % * 4- m - m.m It*. w n&kmt m *4. 

twin legs, cantilever with offset wheel, cantilever with 
fork, twin wheels* inclined wheel, inclined leg and^ offset 
twin wheels* Articulated leg layouts are, levered type with 
fixed shock absorber, levered type with hinged shock absorber, 
tension shock absorber and^ articulated bogle landing layout* 

The retraction of landing leg is virtually universal 
on all but light or slow aircrafts . 1 The determination of 
the optimum retraction method and mechanism involves, firstly. 
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problem of geometry and secondly design of radius rods, actua- 
tors and up and down locks. The basic linkage from which nearly 
all solutions are derived is the well-known four bar linkage 
(fig* l.l), where the outer links A and C rotate, link B is 
floating and airframe forms the forth link. Fig. 1.2 shows 
the classic solution, where, the shock absorber leg is the 
rotating link A with the links B and C forming the folding 
stays . 

1.2 ,L,itgsa,tur^§.ur ygy 

The most remarkable fact is that, in spite of an ever 

increasing strength requirement, the percentage weight of the 

3 

landing gear has gone down in the last fifteen years. Improved 
techniques in design and in the use of new materials has made 
it possible ishich shows that a lot of work has been done 
in undercarriage design area, but comparatively less matter 
appears in literature. The few available are discussed here. 

Conway H.G.* gives general arrangement of the landing 
gear, details of tyre design, general details of wheels, 
brakes, shock absorbers and retraction. He also gives 
general layout of the landing gear and landing gear stressing. 
Smith 4 , compared different types of wheels and also gives the 

" ttl'0 - .y." 

performance ©fZ components o^/ wheel. He emphasizes more on 

testing and proving requirements. 
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The problem of shimmy of airplane wheels is particularly 
important in case of tricycle type landing gear. 5 In a tri- 
cycle type of landing gears, the wheel fitted with tyre is 
designed to pivot freely about a vertical axis and when in 
action this pivot Is given a horizontal forward motion, while 
the wheel is made to roll on ground. It happens that the 
wheel spontaneously assumes a self-sustained oscillating motion 
about the pivot. A full scale investigation has been conducted 

to determine the effect cf various factors on shimmy of castor- 
6 

ing wheels , the factors considered being the geometric arran- 
gement, the tyre types, the variation of load, the spindle 
moment of inertia, and the tyre Inflation. 

Flugge, considers effect of landing inpact and taxylng 

1 

impact on landing gear. 

Q 

Arum Kumar , has developed expert system for design of 

undercarriage which helps user in comparative study of design 

with slight changes in design parameter. It gives design 

details like, tyre and brake design* It also incorporates the 

procedure for selection of type of landing gear, outer 

dimensions of wheels, tyre pressure, braking system and shock 

absorber. This expert system does not giveidetailed design 

of wheel, brake, shook absorber and landing leg. It also 

a the 

lacks in giving Jj > ro cedure for/selection of retraction method 
and mechanism. 
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Study of existing literature* thus reveals the following 
salient features i 

* Hardly any attempt has been made to achieve a detailed 
design of wheel of the aircraft, 

* Any recent work on landing leg design* shock absorber 
design* and retraction was not found, 

* Hardly any atxempt has been reported to perform optimal 
weight design of any part of landing gear. 

The purpose of the present thesis is to attempt to 
fill some of the existing gaps as far as possible* 

*.3 

The present work is divided into two parts* The first 
part of the thesis deals with the detailed design of wneel* 
procedure for selection of retraction method and mechanism* and 
design of landing leg and its accessories* The wheel is 
designed as modern split type A-frame wheel, which is mostly 
used in modern aircrafts* The retraction mechanism used is 
as shown in fig* 1*2* 

Low weight is of prime importance in aircraft structures* 
The second part of the thesis is dedicated to perform optimal 
weight design of landing leg* Results have been obtained for 
different types of landing leg, viz s Retractable landing 
gear* unretr actable braced landing gear and unretrac table 
unbraced landing gear. 
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In overall, an attempt has been made to have a complete 
design of undercarriage system, so that designer (s) will have 
all the required design dimensions of landing gear. While 
designing, comparative studies will have to be undertaken. 
Since, generally it is found that, all likely configurations 
cannot be transferred into fully developed projects. This 
requirement is fulfilled by developing^highly flexible pro- 
gram , which helps user in comparative study of the design 
with slight changes in parameters# More details about 
program developed, is given in chapter 2# 

Use has been made of available program j of Arun Kumar, 
which supplies necessary parameters for design requirements# 

1.4 

The general layout of the thesis is presented below# 
Chapter 2, explains, the tool used in the programming# Analysis 
and design procedure for wheel and landing leg, procedure 
for selection of retraction method and mechanism and, method 
of optimization used for optimal weight design of landing leg 
Is explained in chapter 3# Discussion regarding implementa- 
tion is given in chapter 4. Chapter 5, presents the discussion 
of results and conclusion and also putsforth suggestion for 
future work* 
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TOOL USED FOR PROGRAMMING 
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This section briefly describes the tool used for 
programming. 

2*1 Artificial intelligence (A.l.) 

0 

A. I. is a software technique that programs use to solve 
symbolic rather than numeric problems , symbolic problems, 
which are problems encountered in common every day life and 
work, deal with symbols and symbolic concepts rather than 
numbers* 

10 

A.l. systems fall into three basic categories s expert 
(or knowledge-base) systems, natural language (every day 
native language) systems, and perception systems for vision, 
speech, and touch* 

2*2 

Expert systems are programs that use humanlike reason- 
ing processes rather than complicated techniques to solve 

ll 

problems in specific problem domains* These programmed, 
human like reasoning processes, in turn rely on experimental 
human knowledge, which is encoded in the program in structure 
called knowledge-base (fig* 2*1) • 

In an expert system, the knowledge base is the encoded 
knowledge of an expert expressed as a large set of rules, 
facts, together with a set of assertions* It uses an Inference 
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technique which works on knowledge domain and arrives at 
conclusion. In this process it acquires the relevant requi- 
red details of problem through questions asked to user* 

Typically, to build an expert system, the developer 
chooses a form to represent the experts knowledge . The deve- 
loper then encodes some of the experts basic knowledge and 
reasoning techniques in that form. Then the developer 
challenges that expert system with lot of problems and 
cases* As the fledging expert system makes mistakes or 
provides insufficient data, its developer add more knowledge 
and thus improves on the model of the expert, (Fig* 2*2), 

In engineering, expert systems can be effectively used. 

It can be an effective tool for an experienced designer, and may 
a 

be used as/ teaching aid for beginners. 

2*3 uypm i the interpreter 

In any expert system the knowledge about the domain 
in which the system works, must be separate from how that 
knowledge is to be infered or applied. Expert systems consist 
of two major components s 

X, a knowledge base 
2* an interpreter- 
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In present work an interpreter, also called a shell. Is 
13 

named as VIDHI , developed based on logic programming by 

Dr, R. Sangal of Computer Science and Engg* Department of X,X*T* 

Kanpur. The programming language used in VIDHI is CLXSP. 

2*3*1 Logic programming 
a* Introduction 

Logic programming used in VIDHI is based on a subset of 

i ^ 

first order predicate calculus namely the horn clauses . It 
is used for solving problems involving objects and relation* 
ships* To express relation between objects, predicates are 
used* For example, to express that the colour of eye is 
blue s 

COLOUR (EYE, BLUE) 

COLOUR is the predicate, which is 2-place predicate* 

It can also be represented in list notation as follows, 

(COLOUR EYE BLUE) 

In VIDHI latter type is used* 

b* Pattern matching 

The representation of knowledge can Is® divided into 
two types t 

(i) Pattern which can have sex* or more occurrence of 
wild card 

(ii) A data item or a fact which does not have a wild card, 
where a wild card is a variable which can take any 
value. For example. 
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1* (COLOUR EYE BLUE) 

2. (COLOUR HAIR BLACK) 

are some examples of facts. Here COLOUR is a predicate which 
has two arguments. Similarly, if we have wild card in place 
of arguments, like 

3. (COLOUR ?X BLUE) 

4. (COLOUR HAIR ?Y) 

5. (COLOUR ?X ?Y) 

the?!* these are called as patterns, Vi/hen patterns and facts 
match, we get value for wild card provided the name of the 
predicate is same and non-wild card arguments in pattern and 
fact is same* In above case when fact 1 Is matched with pattern 
3 we get - 

?X * EYE 

whereas if we match fact 2 with pattern 3 the matching will 
fail, since second argument is different* Pattern 5 can be 
matched to both the facts 1 and 2* In logic programming the 
pattern matching concept can be utilized successfully* 

c* Formulas 

In VIDHI 13 , two types of objects are defined, terms and 
formulas. Terms occur as arguments of predicates in formulas 
and usually denots things* A formula on tha other hand takes 
a truth value. 
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A terra is one of the following t 

(i) a variable t- a symbolic atom beginning with a •?* 
(e.g#, ?X, ?COLOUE) . 

(ii) a constant :- a symbolic atom not beginning with a 
*?* (e.g*, 3, 5.6, BLUE). 

(iii) a function-argument combination i- a list of the form 

(<f> <Pj> — — <p n >) 

where <f> is a function symbol and <p x > to <p R > are argu- 
ments. For example, 

(AVERAGE L » N) 

where AVERAGE is a function followed by its three arguments. 

A formula takes any one of the following two forms * 

(i) An atomic formula is a predicate-arguments combi- 
nation t- where predicate is a symbolic atom, and arguments 
are terms. It is represented as list. For example, 

(COLOUR EYE BLUE) 

(11) A horn clause (formula) is of the form 

R < - S % — S n n > - O (1) 

where ft and to are atomic formulas. R 10 called conse- 
quent, and to S R are called the antecedent* If the ante- 
cedent is empty, it reduces to an atomic formula. For example. 
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(CHECK-STRESS ?TY) < - (STRESS-PRED ?TY ?SIR) 

(GEO-PRED ?TY ?THI) 

Formulas takes truth values. For example* in formula (l), 

R is true whenever each member S, to S„ is true* 

x n 

dm Inference 

Inference allow? us to infer new facts from the database. 
When a query is floated, £t is checked with •: facts, if it is 
there, the query^ answered true. If matching with 

facts fails, then matching with the LHS of rules are tried. 

If a rule matches, the atomic formulas in its RHS after proper 
instantiation become the new sub-goals, and same procedure as 
above is repeated. In case of failure to match a subgoal, 
another rule will be tried. This process repeats until either 
we are successful, or no sore rules remain i to be tried. For 
example y 

1. (CHECK-STRESS A3 HOSE-WHEEL 1500) 

2. (CHECK-STRESS A4 TAIL-WHEEL 2100) 

3. (CHECK-STRESS ?AA TTY ?WT) < - (WT-AC ?AA ?WT) 

(TY-AC ?AA ?TY 2WT) 

4. (WT-AC Ai 2500) 

5. (WT-AC A2 3000) 

6. (TY-AC Al TAIL-WHEEL 2500) 

Now, if we pose the query - 

GOAL (CHECK-STRESS 2,500) 

since no fact match&it will try on rules. Here, rule 3 is 
tried. 
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(CHECK-STRESS AX ?TY 2500) 

< - (WT-AC AX 2500) 

(TY-AC AX ?TY 2500) 
the antecedents become new sub-goals* 

SUB-GOAL (WT-AG A1 2500) 
is true. 

SUB-GOAL (TY-AC A1 ?TY 2500) 
is also true and ?TY = TAIL-WHEEL 

Therefore, the main goal is true and ?TY « TAIL-WHEEL Is 
returned. 

2.3*2 

14 

a* Adding facts and rules - 

Any on© of the following forms can be used* 

(DEFASRT <NAME> <FORMULA>) 

(DEFASSERT <NAME> <FORMULA>) 

For example, 

(DEFASRT FI (CHECK-STRESS A1 TAIL-WHEEL 2500)) 

(DEFASRT R1 (CHECK-STRESS ?M ?TY ?WT) 

< - (HfT-AC ?AA ?WT) 

(TY-AC ?AA ?TY ?WT)) 

Similarly for removing facts and rules any one of following 
can be used 

(UNDBFASRT <NAME> <FORMULA>) 

(uhdefassert <na m> <formula>) 
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Following form is used for querying 

(GOAL <a, > — * <a >) 
x n 

where a^^ to a R are atomic formulas 
c* Posing questions 

Questions can be posed using a built-in predicate 
called ASK«4JSER* 

(ASK-USER (SOURCE <Var 1> <var n>) 

(TARGET <var 1> <var m>) 

(QUESTION * . * , ) 

(TYPES < ty 1> — <ty n>) ) 

For ASK-USER, predicate to be true, the following conditions 
must have to be satisfied* 

- all source variables should have values assigned* 

- all target variables should be value free. Failure to 
satisfy either of the above conditions makes ASK-USER 
f ail * 

d* Pef elaboration 

It is used to explain to the user, when the user responds 


with a *WHAT*' to a question* 

(OEFELAB «Pred> (<text>)) 

A text is stored with the predicate prod to do the job* 



(DEFCOHP <pred> <LAMBDA EXPRESSION) 
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Inside the lambda expression computations are done or another 
function can be called. The values computed can be asserted 
into database using ASSERTA command. 

For details VIDHI manual can be referred. Apart from the 

llJblSICSfe 

above tools* any CLISP functions cai^ be used in VIDHI. 

2 * 4 features of the pro gram developed 

Some of the features of the program.; developed are 
mentioned below 

(i) Solves or helps to solve important problems that would 
otherwise require the service of human expert. 

(ii) Integrate new knowledge incremently into the knowledge 
base* 

(iii) Display knowledge in form that is easy for people to 
read. 

(iv) High degree of flexibility* that is* when user presents 
weight and the purpose of the aircraft* he is provided 
with a design without any further details requiring I 
from him* this is done because of earlier experience 
of the program* % . If no design has been done under j 

that category the user will be so informed and the | 

program, c ' starts new design# If user is satisfied with j 
the present available design* he can retain the same. 

If he wishes to see if there are any other designs j 

under same category* he can do so* If he wishes to alter j 
any one of available designs by changing one or all the ! 
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design parameters, that can also be achieved* It may 
foe noted that this is the feature most of the aircraft 
designers would like to have, which would provide them 
a means of comparative study* If he wishes to have 
new design altogether, then it can also foe done. Fig* 
2.3, explains this, and working of the program, 
more clearly* 



EXPERT SYSTEM 



Fig. 2.1 : EXPERT SYSTEMS SOLVE PROBLEMS BY REASONING WITH 
KNOWLEDGE ACQUIRED FROM HUMAN EXPERT. 
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ANALYSIS AMD DESIGN DETAILS 

3 *l introduction 

Present chapter includes analysis and design details of aircraf 
wheel, retraction method aid mechanism, and landing leg. It gives 
details of method used for performing optimal weight design of 
landing leg and analysis of braces . Miscellaneous details like, 
jack stroke, design of tie bolts for wheel are also explained in 
the following paragraphs. 

3.2 Wheel analysis and design 

It is important to keep the weight of any aircraft components 

down to an absolute minimum for economic reasons. In respect of 

the wheel, only a small percentage of its life is spent doing 
15 

useful work. For the majority of its time on the aircraft, the 

wheel is stowed and ferried as * dead weight*. It is only during 

take off /landing and taxying of the aircraft that the wheel serves 

its useful purpose. The main and nose wheels are part of the load ' 

supporting structure of the aircraft. The wheel not only carries j 

■ - ■ : : ! 
the tyre, forming a pressure vessel with the wheel, but in case of ; 

the main wheel also houses the brake. There are two basic designs I 

a ■ i 

of aircraft wheel, *A* frame and * bowl ' type . The *A* frame wheel j 

is structurally very efficient, and therefore the lightest that I 

| 

can be achieved. However, this design only provides limited space 1 

: : . ■ w ■ . . 1 . . j 

for the brake, and when a large brake is required. It is necessary j 
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to resort to a * bowl 1 type configuration, which, being struc- 
turally less efficient is by necessity heavier. 

The 'A* frame wheel being structurally more efficient 
and lighter, is adopted here. The ’A* frame wheel design (fig.3.1) 
consist of two half hubs butted together and secured by a ring 
of circumferentially spaced bolts. The brake is housed within 
the half hub. 

The different forces acting on wheel and other structures 

of landing gear are; high vertical load j normal drag , side 

force j high drag 3 force arising due to braking, etc. Intensity 

o 

of these forces as per British Airworthiness requirement is 

- Normal drag - > 0,4 (maximum vertical reaction) 

- side force - > 0.25(maximum vertical reaction) 

- high drag - > 0.8 (maximum vertical reaction) 

Intensity of force arising due to application of brake is 
slightly lesser than high drag, so if design is satisfied for 
high drag, it will be safe against this force. 

Design of the tie bolts 

The bolts are torque tightened not only to provide a good 
clamping joint, which will not separate under the most severe 
load conditions, but also to enhance the fatigue life of the 

bolts* 

Usually material used for manufacturing of bolts is open- 

t n /. . 

hearth nickel steel SAE 3140 , whose elastic limit is 68,000 

Psi. Same material is adopted here. For the diameter of bolt 
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not less than 1 inch, factor of safety is usually 2*0. But 
for present situation diameter of bolt may hardly exceed 1/2 inch, 
so the design stress should be lowered* Therefore, considering 
factor of safety as 4,0, the design stress will be, 

°bd 83 17,000 Psl 

To find the number of bolts and diameter of bolt the 
total outward bursting force is used - 


2 


F TB * ^ 4?r^ C' D “ ^ 


(3,1) 


Also, 


A. s* 

b ®db x ^b 


(3.2) 


Number of bolts, to be used are fixed Cj using circumference of the 
wheel * 


For the design of wheel flange thickness, total outward 
bursting force is used 1 , as it produces the critical stresses 
in a flange. It is necessary to do the analysis for the web-frame 
portion only* Wheel rim diameter is fixed along with the tyre. 
When tyre is selected, the manufacturer^ specification gives 
wheel rim diameter. 

The forces acting on the web-frame portion are : the centri- 
fugal force acting due to rotation of wheel, uniform compressive 
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force due to uniform tyre— pressure* side force and; pure torque 
due to the drag load acting at tyre-ground contact. 

The web— frame is analysed for all above forces simultaneously 
(fig. 3.2) . Finally, point of action of maximum stresses and 
value of maximum stresses due to combined effect of all above 
forces will be found. 


a. centrifugal force : 

In this case web is analysed as rotating disc, assuming 
that web is straight, instead of being inclined. Stresses in 
web section can be found by following relation 


o r ** ( ) / w 2 [a 2 + b 2 - •& 


V 


r l 2 ^ 


(3.3) 


and 


2 . 


% * 


( v-* > + b2 + JL *|- - < V+V )r i 2 1 


(3*4) 


b. external and internal axial compressive force : 

Here also, it is assumed that webs are straight, which is 

on the conservative side, as the stresses calculated will be 

higher than, what it would be. Now it will be a case of thick 

cylinder with internal and external forces. Stresses can be 

18 

calculated by the following relations. 


„ » 2 b 2 (p c - Pi> P;* 2 - P 0 b 2 

12 ’ (b 2 - a 2 ) - 2 - 2 * 2 


(3.5) 


a 
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and 


-a 2 b 2 (p Q - Pl ) 


( b 2 -a 2 ) . r^ 2 


^ _2 ^ .2 
?l a * Po b 

b 2 - a 2 


(3.6) 


The intensity of pressures p Q and are given by the 
relations : 


and 


PpT x ^ 
2' x t 


P p x b 




(3*7) 


(3.8) 


Here, thickness *t* is assumed to be equal to thickness 
of flange. 

c. side force s 

In this case, side force and the moment, due to eccentricity 
of resultant of uniform tyre pressure, are considered (fig. 3.2c). 

Intensity of the urtfform side force and moment per unit 
length can be calculated by - 

p 2 » side force/circumference 

p 2 - - <3 * 9) 


* "fr~ x (p 0 x 2 t) ... (3.10) 

The intensity of total moment per unit length about the 

bearing level A-A can be calculated by - 
(2* x b) p^ (b - a) 


M * + 


zxm x a 


M » x (p A x 2t) | P a (b-a) 


(3.11) 
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Second moment of unit length area about vertical axis 


will be 


R 2 


I r - 2 [ t (cos e) ] 


(3.12) 


Therefor e # radial stress at radius *a* can be expressed as - 
R . 

"Z“" (p« • St) 4- ■* ( b— a) R... . „ 


$ (P Q St) 4- ~ Pg 
2. [t(cos 6) • (— ^) ] 


. * rr c 4- 


0 r “ p 2 ^ a ^ ^ 2 . t^cos 8*“^ 

Z 


(3.14) 


d. drag force : 

This force will act as pure torque on web-frame, producing 

the shear stress o_ • Intensity of this torque on external and 

r e 

internal face can be found by the relations - 
p^ » drag f orce/cincumf erenc e 


p 4 - (0.4 • DL) / (2 • . * • b) 


(3.15) 


p * <0.4 . DL) / (2 . * \ d) 

Maximum intensity of the shear stress a produced by the 


torque will be at inner most radius 


(3*16) 


e. maximum radial stress : 

The centrifugal force will produce maximum radial tensile 

16 

stress at radius fab • Whereas external and internal compressive 
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axial forces will produce maximum radial compressive stress 
at radius 1 a* . Similarly, side force and a moment due to 
eccentricity of tyre pressure will produce maximum tensile and 

compressive force in right and left web respectively, at radius * a 

the 

From/above discussion it is clear that, there are two 
different points, where tensile and compressives stresses are 
maximum* Tensile stress will be maximum at radius fab. Com- 
pressive stress will be maximum at radius *a** 

Intensity of maximum radial compressive stress can be found 
by following relation 


rm c * p x + o T 


(3*17) 


Radial stress due to centrifugal force at radius fab will be - 

o ' * ( ) j° uj 2 [ a-b] 2 • •• (3.18) 

r l » 

Radial stress due to axial forces at radius fab will be - 

.2 _ .2 


o 1 
r 2 


ab (p Q ^ PQ Pi a* - p Q b“ 


( b z - 


(b 2 - a 2 ) 


(3.19) 


and 


Radial stress due to side force and moment at radius equal 
to fab will be - 

o r3 * * ( P Q x 2t) + p 2 »b* (f^ - 1) 

2 * eo * ®- < 

«w 


- fab) 


( 


3 tan O 


fab ♦ ) 


• • « 


{3*20) 
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Intensity of maximum radial tensile stress will be then, 

0 na t * a x ' * 0 r * * 0 r * •** (3.21) 

■i 2 3 

f. maximum circumferential stress : 

It can be noted that, both centrifugal and axial force 
produces maximum circumferential tensile stress at radius 
equal to *a* , Therefore, maximum circumferential stress can be 
found hy the relation - 




m 4 




2 ( ) f- M 2 [b 2 + a 2 ( ) ] 


8 

Pi (« 2 +b 2 ) - 2 p a b‘ 
(b 2 - a 2 ) 


* * • 

m 


(3.22) 


As already mentioned, for the design of wheel flange thick* 
ness, total outward bursting force is used (eq« 3.1), also we have 


xdt f 

Since the wheels are mostly made up of aluminium alloy 
castings, the value can be taken in range of 18000-24000 psi. 
And, adopting factor of safety as 1.5, 


Flange thickness 


1.5 F. 


JJL 


TH x d 18000 

While designing, necessarily designer should consider 
economy in construction cost, there are several ways in which 
one can achieve this economy. Here also, if flange and web 


(3.23) 


thickness is same it can be casted easily and economically* To 
achieve .this, thickness of web is assumed to be equal to thick- 
ness of flange initially. Stresses are found using this thick- 
ness (eq. 3.14, 3.16, 3,17, 3,21, 3.22) . 

If the stresses calculated are within the limits, that is, 
lesser than safe working stress, which is taken in range of 
18000-24000 psi, the web thickness is kept equal to thickness 
of flange. Otherwise, increasing thickness step by s tep and 
checking the stresses simultaneously, web thickness is redesigned. 

Different forces acting on the wheel are already mentioned, 

1 

The worst combinations of forces are - 

i) Normal drag and side load, 
ii) High drag only, and 
ill) Loads arising from applying the brake 

Loads arising due to application of brake is almost equal 
to the second combination. The stresses calculated before are 
for the first combination. Now, designed thickness of the web 
should also be tested for high drag force, which acts as pure 
torque on web-frame* Maximum intensity of torque due to this 
drag, at radius equal to * a* • 
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If above calculated shear stress stress is greater than 
the safe working stress, web thickness will be redesigned, 

3*3 Retraction m ethod and mechanism 

Incorporating many kinds of engineering in its design and 
construction, modern landing gear has advanced to the stage in 
which almost any aircraft 15 , but light or slow aircraft, can be 
supplied with rec tract able configuration, which can be stowed 
in a space* Retraction and extension of the gear is normally 
done by hydraulic power, A hydraulic system consists of a number 
of individual items connected by piping and it is obviously much 
easier to alter the power of, say, a hydraulic jack than an elec- 
tric actuator. 

The well-known four-bar linkage (fig, 1.) from which nearly 
all solutions to retraction are derived, consist of two rotating 

1 ' ; f 

links , one floating link and airframe as fourth link. Various 
configurations of the retraction linkage is possible. The one I 

which is adopted here is the classic solution (fig, 1*2), where ! 

shock absorber leg is the rotating link, and other two links 
forms radius rod or folding stay. To achieve an retraction and 
extension of the landing gear hydraulic jack with two locks can i 
be used, which saves unnecessary complications due to separate } 
up and down locks, j 

It is proposed to consider 10, OCX) lb as the limit between ligj 
and heavy aircrafts, so that landing gear of aircraft having | 

.-Y'' ■ v . V ' ;, : V ; Y'.-Y? , YY.." YY''Y 1 . Y ■ ■ '"Y.YYY Y,- 7 7/ 7Y : 7 7 

weight lesser than 10,000 lb will be designed as un retract able, | 
and for the aircraft weighing greater than or equal to 10,000 lb, 



it is designed as retractable. 
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Once the mechanism of retraction is fixed, then comes 

the problem of geometry or kinematics. Fig. 3.3a shows' geometry 

in detail. The angle between shock-absorber leg and radius rod 

is kept usually in range 45°-60°. The height of shock-absorber 

section (H-) is fixed according to shock absorber travel, which 
z the 

is usually limited to 15 inch&as/ maximum limit. Once these values 
are fixed, the total length of radius rod including link 8 and C 
can be easily found as - 

L. * — — * — vr- ... (3.25) 

A sin 45 

Value of H is found from outer radius of tyre, usually it 
is kept as outer radius of tyre plus some margin in the range 
of 3-6 inches. 

Now, from geometrical analysis, length of link-B and llnk-C 
is found as - 

h la *» C ( 

and 

HlB ** ** **• (3*27) 

Jack stroke can be found by simple geometrical calculations - 
J (Hj^ — Hj) ♦ H — H^» sin 45 ••• ( 3*28^ 


<H L -a,) 2 _ H 2 2 ,1/2 

2^S 2 f •> + H J 


(3*26) 



3 * 4 Leg analysis 
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A decision must now be made, whether landing leg layout is 
to be telescopic v. : . * or articulated 1 , decision must be taken, 
whether it is to be a cantilever leg, braced twin leg or canti- 
lever with force. Telescopic leg layout, being lighter, will be 
adopted here. For simplicity in design, cantilever with offset 
wheel type telescopic leg layout is adopted in cases where the 
number of tyres in wheel is only one, Ty-in wheel type telescopic 
layout in cases of two or more tyres in wheel will be adopted. 

As mentioned in wheel design, there are two worst landing 
combination, for which landing gear should be designed. First, 
normal drag with side force and second is, high drag load or 
loads arrived due to braking. Landing leg will be designed to 
sustain both the combinations. 

Landing leg will be designed as retractable if the weight 
of aircraft is greater than or equal to 10,000 lb, otherwise 
it will be designed as unretractable type. In unretractable type, 
depending on the height ot&eg, it will be designed as braced 
or unbraced type, to reduce the dimensions of section of the 
landing leg. If the height of leg is less than 3*0 feet it will be 
designed as unbraced type* otherwise braced type would be adopted* 
So we have three type of landing leg, viz* Retractable, 

U nretractable-braced and; Unre tract able -unbraced. (Fig. 3,3). 

itoalYllrf ftX, llfll 

a* Retractable type 

the 

It is assumed thati, joint C is designed such, that, it trans- 
fers only inplane (XY) moments, it does not transfer the moment due 
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to side load* It is also assumed that joint E does not transform 
any load to the jack shaft, as the jack is not suppose to withstand 
the loads in extended position. j . - 

gppdttion 1> Normal drag + side load : 

To find out reaction at D - 
EM s= 0 about B 


♦ 



^1 + 38 s ^ n 45) 

F 1 <H 1 + H ^ 1 

" sin 45 ( M ‘-k) 


t*>i - (B^ cos 45) . H 
JL 


* • # 


(3*29) 


EHaO, 


Ron* t- a Rp sin 45 
1 


* ** sin 45 - F. 

• Da x u x X 


(3*30) 


EVwO, 

Rgy * " ^0 45 ••• (3*31) 

1 1 

One can see that, maximum stresses may occur at point *C’ 
or Point *B* . 

Maximum compressive stress produced by loads may be one of 4shte 
follow! r»§* 


32 «*i H 0 „ 4 Dp 

m — ~4 ... 2 , (f + Q) ♦ ——fa 

cc * (d x 4 * d 2 4 ) 1 


* ♦ ♦ 


% (d x 2 -d 2 2 ) 


(3.32) 
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Maximum tensile stress produced by loads may be one of the 
following. 


°tc w 


32 d, H (F ,+Q) 

mk > mm m m - 1 m mkmm* mm 


% (d. 


d 2^ 


% (d i 2 




(3.33) 


32 Q (H.+ Hj d. 
0 tb* — ^ i — 1 L 


4 D L 


* < d i 4 


a 2 4 ) 


« (d. 


d 2 ) 


Maximum shear stress would be 

. o l/2 

^ 4 (Q 2 + F x 2 ) 

jQp UJf. ' 1 1 1 ) MWIII II 


% (dj 2 * d 2 2 ) 


(3.34) 


Maximum deflection will occur at point *A*. Here, member 

a 

AB is analysed as A be am. The deflection caused by buckling is 
much smaller than the deflection due to transverse bending moment, 
Hence for deflection calculations, buckling effect is neglected. 

Deflection at point *A* (fig. 3.4a) is - 


AA X * 3^U £ p i* H 2 ^ + 3 El 


RbH,#H ' 3 - " r - 1).,. (3.35) 


14 w 12 

iz± _ 5l — 

T ' Tsprr 


and 


A A ss 
X 


Q.H 


♦ * * ' 


(3*36) 


Condition 2> High drag only. 

In this case — 

F 0 (H^H^J 

r D z - - sin 45 (5^7 
Rgjj m Rp sin 45 ** 


* ; *• 73 

■ v 


m * ♦ 


(3*37) 


Rgy 0|^ ** Rp sin 45 
2 ^ 



Maximum stresses will occur at point *C* 


• * a 

ce i 


° tc i = 


32 

HI rnimm Jm 

* (dj 4 - d 2 4 ) 


32 d, F„ H. 

— — * f* ?, 

* (d x 4 - d 2 4 ) 


1 


* (d 2 - d 2 ) 


4D l 

* (d 2 - d 2 ) 


and 


T 4 F o 

L ^ 2SS ' ■> i ' gi »M Wii inJa h.. wnw- i iupm 

2 % (d x 2 - d 2 2 ) 


• * * 


(3*311) 


Similarly, 

Deflection at Point A will be (fig. 3.4a) ? 

R H ^ H 

aA xi -rir <v h 2 3) + - f f P ~ < - 1} ••• (3 - 39) 

b* Unre tract abl e-brac ed : 

The joint *C* is designed in such a way that it can take 
reactions in x and z direction, and is free to move in y direction 
to reduce the loads coming on main member *AC* , It Is assumed 

that joint S and F transfers the inplane (xy) moments only. 

SsMIUmM Normal drag + side load 

To find out reaction at *0* 

IM**G about *B* 
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Iy=0 


°L + R B x cos e 2 * \ cos Q i * 0 
R n cos ©, «. D r 

H 


COS &r 


* # • 


* * • 


EX » O 

F I - \ sin *2 * R D x sin *1 + R c Xjl * 0 

R Cx , * R b, sin e 2+ h) Sin e i - F l 

A / 31 ** ** A 

Maximum bending moment will occur at point f E* and 
* tF i (H 2 + H 3 ) - (R Bi sin © 2 > H 2 J 

Maximum compressive and tensile stresses will occur at 
point *E* . 

\ " * 1 h “W ' h 2 ( X sln e 2 ) 

♦ Q (H 2 ♦ H 3 ) J * 


i!L 


RgLCOS © 2 ) 

"W* 


(d. 


d« z ) 


(3.40) 


(3.41) 


(3.42) 


d 


* * • 


(3.43) 



# e e 


(3.44) 


Maximum shear stress * 

4(Q 2 +f3^ 2 

We » ~r 

% (d/.d/) 


Maximum deflection will occur at point* * A* (Fig* 3* 4b) 

— (0*1759. H l 3 ) 


F, H* 3 R B, sin & r 
A A x m 0*32716 — 1 | ' ” ~ — 1 


R 


♦ 0.0154 H f ^ 


cx 1 

If 


Q H, 


AA^ « rg* 


• * * 


Oonditlon 2> High drag only 

Reactions will be, 


Rr 


R _ 

Q * 
B 2 


F 0 #He Dr* (d* 




^C 0 2 ) (cos 


R Po cos % - °L 
r cos'' Wl 


m Pig sin ©Vj e sin ** F 2 


• * # 


Maximum compressive and tensile stresses will be 
32 ^1 


(3.45) 


(3.46) 
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0 m 


(d 


td 4) t F 2 (H 2 +H 3 ) - H 2 (R B sin ®2 J 3 


1 u 2 


~ 4 (D, + Rg cos e 0 ) 
2 

* (d x 2 - d 2 2 ) 

Maximum shear stress 
_ 4F n 


n (d 1 2 -d 2 2 ) 


Maximum deflection (fig* 3* 4b) 

F^ t 3 sin 0 

El 
R 


A A„ * 0.32716 - -Z2-^2Z2 (0*1759 H T 3 ) 


+ 0.0154 H l 3 . 


c* Unretractable-Unbraced s 

Normal drag + side loads 

Maximum compressive and tensile stresses will be at point *B* 

d. 


M 


V - 47 < T 1 h l +q - h l j + - 7 ^ 


(d l“ d 2 } 


s(di Z -d 2 ) 


O.-^* A— k-(F, H, tQH.) 

*1 * 1 L 1 

maximum shear stress * 


°L 


s(d x 2 -.d 2 2 ) 


n * * * 


4 F 


JL 


* (d l 2 ^d 2 2 ) 


(3.48) 


(3*49) 


(3.50) 


* e # 


(3.51) 
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Maximum deflection will be 

F jJi! 

- IT 


- (fig* 3.4c) 


m 


3 EJ 
Q.Hj3 

“TIT 


Condition 2> High drag only 
Maximum stresses will be - 


(3.52) 



F 2* H L 


(d. 


^2 ^ 


f P L 

x (djL^g 2 ) 



J2 

9 


< *1 F 2* »L 
- d 2 4 ) 


Cd/ 


* P L 

s (d 1 2 -d 2 2 ) 


(3.53) 


4 F, 


^ w(d, 2 -d 2 ) 

*#» Jw 

maximum deflection will be (fig. 3,4c) 

F 2 H H, 3 

a*. - - ‘ a fr 


J 


(3.54) 


3.5 flattl&MlUfflL MS3M& and.^s.ign, „ 

To perform optimal weight design of landing leg. Exterior 
Penalty function method is used. Penalty function methods trans- 
form the basic optimization problem into alternative formulations 
such that numerical solutions are sought by s olving a sequence 
of unconstrained minimization problem. In the exterior penalty 
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function method, the 0- function is generally taken as 

m 

0 (x ? r k ) « f(x) + r k Z < ( x ) > q 

The bracket function < (x) > is defined as 

< (x) > » max < gj(x), o> * 9 j(x) if g^(x) > O 

(constraint is violated) 

9 if Si (x) < 0 
(constraint is satisfied) 

For unconstrained optimization Davidon-Fletcher-Powell 
method is used* This method is the best general purpose uncons- 
trained optimization technique making use of derivatives that 
are currmtly available* Cubic interpolation method is used for 
single-variable optimization* Use is made of the Swans method 
to bracket the single variable optimal point# 

Here, the Function, f(x) is same for ail the three problems, 
viz s Retractable, Unretract able braced and Untoetractable unbraced* 
It signifies the weight of the leg* 
f(x) - */4 f H l (d 1 2 - d 2 2 ) 

. f(x) • */4 /H l (x 1 2 - x 2 2 ) ‘ (3.1?) 

, > 0 1 1 v. it# j • :-•■■■■ ■■■ . .. 1 # : . ... : " • . : ■ . : ■ ■ 

Constraints axe different for all the three types of problems, 
following section gives constraints for these three sets 

a* Retractable t 

The constraint on geometry is that, thickness should not be 
less than 0*3 inch 

— Xj. + 0*2 ^ 0 


m 


(3.56) 
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The constraints due to the limiting stresses are - 
M AX (<y cc* 0 cb* 0 tc* 0 tb* 0 cc * 0 tc. } - 24,000.0 s O 

* X 

... (3.57) 

and 

M AX C5 1- S " C 2 ) i 0 ... (3.58) 

constraint due to deflection is 

\} m Ax * A A x# aA z , aA x ) ] f h L ^ -0.01 ^ 0 ... (3.59) 

" ■ 1 1 


b. Unretractable braced s 

The constraint on geometry is sane as in previous formula- 


tion 

* x 1 + x 2 ♦ 8*2 £ 0 

constraints due to limiting the stresses are - 
^AX ^6^* * 0 t^ *" 24000,0 J$P 

m ax CCi,T 2 ) - 16000.0 s 0 

constraint due to deflection is 

[[“ax < “V *V *\> 3 * *i| - °- 01 * 0 

c. Unconstrained unbraced t 

The constraint on geometry as before 

•Xj ♦ + 0*2 £ O 


(3.60) 

(3.61) 

(3.62) 

(3.63) 

(3.64) 
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Constraints due to limiting the stresses is - 

M AX (0 c* a t * 0 C » °t > * 24000.0 < 0 ... (3.65) 

112 2 

^AX ^*1 * ”^2 ^ 16000 .0 ... ( 3 • 66 ) 

Constraint due to deflection is 

| [Max ( A *» Az * A X X ) 3 f H L j - 0.01 < 0 ... (3.67) 

3*6 Design of braces 


The left side brace of unretractable braced type landing leg 
(fig. 3.4) is designed as tension member, as it mainly takes tension 
force only. The section of this member is kept hollow tubular. For 
simplicity in design, relation between internal and external 
diameter is fixed. Material used for leg and braces is usually 
Hot rolled steel tubes, taking design stress in range of 18,000- 


24,000 psi. 

r D 

. ,% A fef « 18,000*0 

also, 

^bf ** (d^ — dg ) 

m s/4 (d^ ** (1/2 

A bf * 0,589 dj 

Other braces, as they mainly takes compressive force are 
designed as compression member. The design stress is varied 
according to the length of the member. As length of member 


(3,68) 


(3,69) 
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increases slenderness ratio decreases t so for the member of 
greater length, design stress is reduced to 12,000.0 psi and should 


be able to sustain in buckling, 
a. Design of brace CE : 

It can be noted that length of this member is small. There- 
fore, keeping design stress as 18000,0 psi. 


R D 

*ce “ -iS5§5.o 

and 

Aq^ ** 0,589 d| 


(3,70) 


b. Design of brace ED « 

Length of this member is larger, so taking design stress 
equal to 12,000.0 psi 
% 

A ED * 12,006 


• * » 




Also taking. d 2 « 0.667 d^ 

2 

Ajg Os 436 


• # * 


( 3 , 72 ) 


Design of brace DE in unretractable-braced type landing leg 


Is done as for brace CE. 




Fig. 3.1 : TYPICAL ‘A* FRAME SPLIT WHEEL 
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b. UNRETRACTABLE-8RACED LANDING LEG 



C. UNRETRACT ABLE-UN BRACED LANDING LEG 

Fig. 3.4 : DEFLECTION OF LANDING LEG. 
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PROGRAM DE SCRIPTION AND ROLES 
4.1 Introduction 

It is essential for the user to know the structure of the 
program and how the design has been coded. The success of any 
expert system depends mainly on quantity and quality of knowledge 
it has in the knowledge base. As a result it is necessary to 
modify the knowledge base, with assistance from the user, to update 
it* To do so the user may add up new facts or rules or delete 
some. This chapter has teen devoted to above objectives and also 
describes how to operate the system* 

The program has teen divided into three main branches. 

These are the main frame of the program, Design details tree, 
and Alteration tree* Main frame is the heart of the program, which 
controls flow according to users response. The design tree deals 
with the complete designing and optimizing part. The Alteration 
tree helps in altering the old design according to uteri require- 
ment. 

4*2 Main frame of the jaSMIM 

This part of the program gives outer structure of the Program* 
Fig. 2.3 explains it schematically* 

When the user initiates the system with a query* GOAL (START), 
he enters the top moat node In the tree which makes the program issue 
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questions about two basic inputs, the weight of the aircraft for 
which the undercarriage has to be designed, and for what purpose 
aircraft would be used. Here, the purpose of aircrafts has been 
broadly put in ten groups to make design simpler, viz i Agriculture 
purpose. Light transport 1 to 4 seater. Trainer 1,2 seater, 

Executive transport 4 to 8 seaters, utility aircraft, light and 
amateur aircrafts. Fighters, Passengers and air service, cargo 
transport, sport planes. 

Once user feeds this information, the Program starts 
searching the secondary database for the old design details. This 
is done by the rule *SR1* which becomes a subquery - 

(DEFASSERT SRI (KNOWLEDGE BASE-SEARCH ?AA) 

< - (WEIGHT-RANGE 7WT-H 7WT-L) 

(ST0RAGE-PRED3 ? WEIGHT 7AA .... 7TY-BR) 

(< 7 WEIGHT 7WT-H) 

(> 7 WEIGHT 7WT-L) 

(OLD-DESIGN-DETAL-PRED ? WEIGHT . . . .7TY-BR) 

(USER-OPINION ? DUMMY ?OP ?N) 

(MODIFY-QLDwDESIGN 7 WEIGHT 70P 7DN)) 

Predicate ’ STORAGE-PRED3* stores all old designs handled by 
the system. From these designs suitable designs are selected and 

decked to confirm whether lt 11 ® S within reasonab l e Umit of 
acceptance * Then that old design is displayed to user* this is 

lone by the predicate * OLD-DESIGN -DETAIL-PRED’ , and users opinion 

.s asked - whether he wants to retain the same design or 
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alter any one of the designs or continuing the search in database 
for another design or starting altogether a new design. The user' s 
opinion is passed to the predicate * MODI FY -0L D-DES I GN * where it is 
checked# If the user’s opinion is to retain the design as it is, 
then it fires the rule which outputs the same result. If the 
opinion is to alter the design then it takes the alteration tree. 

For new design, It takes des ign detail tree causing new design. 

When user wishes to continue the search, then back tracking takes 
place in *STORAGE-PRED3' for a next design which satisfies the 
condition and the same process repeats. After complete search of 
secondary database the rule *SR1* fails. Then second rule with same 
predicate name is taken up* 

(DEFASSERT SR2 (KNOWLEDGEBASE-SEARCH ?AA) 

< - (TELLOJSER 

(START-NEW-DESIGN ?DN)) 

As a result, design detail tree for starting new design 
Is fired. Thus, getting into the system, searching the secondary 
database and firing one of the rules which affects either a new 
design or alteration# constitutes the main frame part* j 

4*3 Alteration tree . j 

Alteration tree is taken up only when the user wishes to j 

alter any one of the old designs, which makes predicate * ALTERATION) 
PRED1* to be fired. Fig* 4.1 to 4.3 explains the alteration tree 

schematically* The rule is - 



50 . 


(DEFASSEHT AL1 (ALTERATI0N-PRED1 ? WEIGHT ?DN) 
< - ( NEW -VALUES-FIND1 ? WEIGHT ?DN) 
(MAJOR-CHANGES ? WEIGHT ?DN) 
(LOCAL-CHANGES ? WEIGHT ?DN) 
(SELECTION-CHANGES ? WEIGHT ?DN) ) 


The alteration procedure can be broadly explained as; 

- Finding from the user, whether any particular parameter 
needs a change, if so what is its new value. While doing 
so old value of that parameter is also displayed to help 
the user in deciding. 


- Effects on design, because of the major parameter value change 

- Effects on design, because of the local parameter value change 

- Effect on design, when there is change in selection 


The parameters that user can change in alteration tree are, 
Friction coefficient of tyre and ground 


- Percentage weight acting on the auxiliary wheel 

- Height of centre of gravity 
— > Aspect ratio of the wing 

- Stalling velocity of the aircraft 

- Friction coefficient of braking material 

- Type of undercarriage 

- Type of braking system 

- Height of legs at fore and aft locations 


4.4 New design . .J 

A new design is taken up 
and also when the user wishes 


when there is no old design available 
to have new design. Fig* 4*4 to 4*9 



CENTRAL l.'TT ARY 

1 !, T., PUB _ 

explains the new design tree schematici?!^ ^se rule # 
which initiates the query for new design is — 

(DEFASSEHT ND1 (ST ART -NEW— DESI GN ?DN) 

< - (AC-WEIGHT ? WEIGHT) 

(CHECK-WEIGHT ? WEIGHT) 

(DETAIL-DESIG-OF ? WEIGHT)) 

The predicate ‘CHECK— Y/EIGHT* decides the type of undercarriage , 
and asks user series of questions to extract values of height of 
center of gravity, percentage weight acting on auxiliary wheel 
aspect ratio , ground friction coefficient and height of leg 
of fore and aft location, by using ‘ASK-USER* predicate. As an 
example for height of center of gravity location the rule can be 
written as - 

(DEFASSERT TW3 (HCG-LOCATION ? WT ?D ?HCG) 

< - (ASK-USER (SOURCE ?WT ?D) 

(TARGET ?HCG) 

(QUESTION PLEASE GIVE THE HEIGHT OF CG LOCATION 

* *' * - . • v *!r ’ ' •• \f 

IN FEET) | 

(TYPES NUMBER))) 

■ ;■ ■■■ v > v;.-" ■ ■. 

. . . . ... ...... . A v : ,;| 

The detailed design can be classified as designing of 
auxiliary leg unit and designing of main leg unit and outputing 
the complete design. The rule for this is - 

(DEFASSERT D1 (DETAIL-DESIGN-€»F ?WT) 

<~ (AC-CLASSIFICATlON ?WT) 

(AUX-LEG-UNIT ?WT) 

(MAIN-LEG-UNIT ?WT) 

(STORAGt-PRED I)) 
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The predicate 1 AUX— LEG-UNIT * takes up detailed design of 
auxiliary leg unit, predicate * MAIN-LEG-UNIT * takes up detailed 
design of main leg unit. The parts design rule can be written as 

(DEFASSERT DSl (PARTS-DESIGN ?TY) 

<- (= ?TY MAIN-WHEEL) 

(AC-WEIGHT ? WEIGHT) 

(LOADS-PRED 7TY 7DY-LQAD ? ST -LOAD) 

(WHEEL-SELECTION ?TY ?DY-LOAD ?ST-LOAD) ) 
(LEG-DESIGN1 ?TY 7DY-L0AD 7ST-LOAD) ) 
(BRAKE-SELECTION ? WEIGHT) ) 

and 

(DEFASSERT DS2 (PARTS-DESIGN ?TY) 

<- (DISPLY-TB11 7TY) 

(LOADS-PRED ?TY 7DY-L0AD 7ST-LOAD) 

(WHEEL-SELECTION 7TY 7DY-LCAD 7ST-LOAD) 

(LEG-DESIGN1 7TY 7DY-LOAD 7ST-LOAD) ) 

Rule DSl is used for main wheel parts and rule DS2 is applic 
to auxiliary wheel parts design. There is no brake design for | 
auxiliary wheel as there will not be any braking device provided 
in auxiliary wheel. 

The Predicate * WHEEL-SELECT ION * takes up the complete wheel j 
design. It selects the pressure, tyre and wheel-rim diameter and 
goes to detail design of wheel. The rule regarding detail design I 
of wheel can be written as - 

(DEFASSERT D13 ( DETAIL-D-WHEEL 7TY) j 

<- (BOLT-DESIGN 7TY) j 

(GEQMETRY-CAL 7TY) | 

( ST RESSES-I N-WEB 7TY)) . j 
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Her©* the predicate * BOLT-DESIGN’ takes up the design of 
fastening bolts, predicate ’GEOMETRY-CAL' takes up the calcula- 
tion of all geometrical parameters of wheel. Similarly, calculatior 
of all stresses and checking this stresses is done through the 
sub-tree of predicate ’STRESSES-IN-WEB* . The rule used here is - 

(DEFASSERT D16 (ST RESSES-1 N-ft'EB ?TY) 

<~ (DISPLY-TBSl ?TY) 

(INTENSITY-OF-PRESS1 ?TY) 

(STRESS ?TY) 

(CHECK-STRESS ?TY) J 

(CHECK-SHEAR ?TY) ) 

This rule is written to design the web-frame of the wheel. 

The predicate ’LEG-DESIGN1* takes up a complete design of 
leg; rule for this is written as - J 

(DEFASSERT LG-4 (LEG-DESIGN 1 7TY ?DY-LOAD ? ST -LOAD) 

<- (LEG-DESIGN 7TY) J 

(SHOCK-ABSORBER ?TY 9DY-LOAD 7ST-LOAD) 

(SHOCK-AB-T RAVEL ?TY 7DY-LOAD) | 

/ ^ ^ j * $ ** 9 V * v ’ ] 

(MAIN-VER-MEM 7TY 7DY-LOAD 7ST-LOAD) j 

(ACCESSORIES 7TY 7DY-LOAD 7ST— LOAD) ) j 

In this rule, complete design of leg is done, which Includes | 

- Calculating the actual leg heights, from the fore and aft | 

' ' ! 

heights provided by user* j 

— Suitable shock-absorber will be selected j 



54. 

- Value of shock absorber travel will be calculated 

- Main vertical member will be designed 

~ Accessories of the leg unit will be designed 

The above computations are done for both auxiliary leg and main- 
leg units* 

The rules used for main vertical member designing are - 

(DEFASRT LG5 (MAIN-VER-MEM ?TY 7DY-LQAD 7ST-L0AD) 

<- (TYPE-OF-LANDING-LEG 7TY2) 

( * 7TY2 RETRACTABLE) 

(ANALYS-RE 7TY 7DY-L0AD ? ST -LOAD) 

(C0DE-PRED1 7TY) 

(EXTERIOR-PENALTY-FUNCTION 7TY) ) 

(DEFASRT LG6 (MAIN-VER-MEM ?TY 7DY-LOAD 7ST-LOAD) 

<- (LEG-HEIGHT-PRED1 7TY 7HET) 

(> ?HET 3.0) 

(ANLYS-WNRE-BR 7 TY 7DY-L0AD 7ST-L0AD) 

(C0DE-PRED2 ?TY) 

(EXTERIOR-PENALTY-FUNCTION ?TY) ) 

(DEFASRT LG7 (MAIN-VER-MEM 7TY 7DY-L0AD 7ST— LOAD) 

< — ( ANL YS-MNRE-VNBR 7TY 7DY— LOAD 7 ST— LOAD)) 
(CQDE-PRED3 7TY) 

(EXTERIOR-PENAL TY-FUNCTION 7TY) ) 

Here, the predicate ‘MAIN-VER-MEM * controls the type of leg 
design vir i Retractable, Unretractable -braced, Unretractable- 
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unbraced* The Predicates ’ANLYS-HE* , ’ ANLYS-QNRE-BR ' and 
ANLYS-UNKE-UNBR’ takes up the analysis of respective type of legs* 
In this step. a sub-tree of optimization procedure, is fired 
through predicate * EXTERIOR-PENALTY-FUNCTION * which performs optima; 
weight design of main vertical leg. 

The rule for optimization method is written as — 

(DEFASRT R1 ( EXT ERIOR-P ENALT Y-FUNCTION ?TY) 

<- (INITIAL-POINT ?XI ?N) 

(DESIGN-NO ?D1) 

(AC-WEIGHT ?MT) 

(PENALTY-PARAMETER ?TY ?WT ?D1 ?R) 

(EXPONENT ?TY ?WT ?D1 ?Q) 

(CONSTANT ?TY ?CT ?D1 ?C) 

(CODE-PRED ?TY ?WW) 

(MAIN-LOOP ?N 7m 7TY 7X1 7R 
7Q ?C) ) 

are j 

In this stepyctserles of questions/asked to the user to extract 

values of penalty parameter, exponent and the constant. This will ; 

be done for both auxiliary leg unit and main-leg-unit. The 
Predicate * INITIAL -POINT* , fixes the value of initial point for | 
optimization, through the fact inserted in database. The predi- 
cate ’MAIN-LOOP* takes the control to the Devidon-Fletcher-Powell j 
Method for unconstrained optimization and then to Cubic Interpola- 
tion Method for single variable search. j 

In case of main wheel • the control flows to the brake j 

design, through predicate 'BRAKt— SELECTION* . Here the kinetic 
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energy to foe aosorbeo by the brake is calculated using stall 
velocity of the aircraft. Next the friction force generated 
between the tyres and the ground is calculated. Then rating values 
for different types of brakes is calculated, and displayed to the 
user and his opinion is asked for. After affecting the selection, 
the corresponding brake system is designed. 

Once all the above sub— queries becomes true, the predicate 
* ST ART-NEVsl-DESI GN * will also get the truth value and in turn the 
main query, GOAL (START) , will also attain truth value and will 
come out of the system. 

To activate the program the user has to type 

(GOAL (START)) 

Now the system takes charge of knowledge base and putsforth 
the questions. It is useful if the user knows what are the values 
that he has to supply to the program before hand. The following 
are the list of values expected from the user alongwith some useful 
tips. 

I. Weight of the aircraft j 

The value can range from 5GO lb to 100,000 lb. j 

II. The purpose for which the aircraft will be used. j 

The classification list will be displayed and user Is 
expected to respond with a code as instructed. 

III. Modification tree. 

Here, the user is expected to answer more than one 
question and the direction* and instruction! are displayed, * 
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IV, Design parameter values, 

~ Height of centre of gravity 

Ihere is no option for this. The designer is expected 
to know this value, which should be in feet* 

- Weight distribution between the leg units 

This is to be mentioned as yi weight acting on auxiliary 
wheel* Usual values are, for tail wheel type 8 to 12%, 
for nose wheel type 10 to 15ji. Default optional value 
taken by the program is 10%, 

- Wing aspect ratio 

There is no option designer is expected to know the 
answer, and it should be in sq.ft. 

- Friction coefficient between tyre and ground 
Usual value ranges from 0.25 to 0.8. Optional value 
taken by system is 0.7 

• Stall velocity of the aircraft 

This is a design parameter and no option is available , 
which should be in mPh* 

«, Leg heights of fore and aft location 

There is no option designer is expected to know the 
answer, which should be in feet. 

• Sink velocity 

This is a design parameter and no option is available, 
which should be in ft/ sec. 
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V* Optimal design parameters value 
, - penalty parameter 

Usual value ranges from O.Ol to 1,0, option value taken 
by system is 1,0, 

— Exponent value 

For the present problem it is found that for the value 2*0 
system gives fast and good results, optional value of 
system is 2,0 

- Constant value 

It can be anything greater than one. Optional system 
value is 10,0, 

VI .Selection and opinions 

- Type of undercarriage Jj: 

Here, he has to rate all three types according to his require 
ments • The values should be between 0 and 1, Optional value 
taken will he 0,3 for all three types, I 

- Brake selection 

Here the user has to just type as indicated by the program 

. - . : . ' ^ "• ' 1 

* Design number | 

User can give any design number and the design is stored j 

under that name, j 

If the user fails to answer the questions where there is no j 
option, by saying ’Don’t know*, the system fails to give any answer j 
and gives an error message. j 
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CHAPTER 5 

Result discussion amp conclusion 

5.1 Introduction 

In this chapter discussions are presented on the results that 
are obtained by solving a few representative problems using the 
system. The sample problems choosen here are such that it shows 
all the possible usage of the system. For a proper understanding 
of the use and capabilities of the program developed, it is 
essential to run the system for solution of some general problems. 
This object is achieved here, 

5.2 Discussion of results 

The following five sample runs have been chosen to Illustrate 
and discuss the main features and working of the program. 

a. New design 

This sample is selected to show the complete behaviour of the 
program when It solves a new problem for which there does not 
exist any old design# Here, the knowledge system asks the Questions 
to user as and when the values are required. A light weight 
aircraft is selected, so thaVit is possible to have nose wheel 
type or tail wheel type landing gear. As the weight of aircraft 
supplied hire is less than 10,000 lb, system designs the landing 
leg as unre tr ac t able type • Optimal weight design for auxiliary 
leg is achieved in three iterations and for main leg in two itera*- 
tions. The ditails about the questions asked, and the details of 
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design as it has been written in output file, can be found in 
record file attached in Appendix. 

b* Design not existing in data base 

When there is change in the weight of the aircraft, compared 
to first sample, the system behaves in different way. The output 
is also different. In this sample middle class heavy aircraft of 
nose wheel type landing gear is solved. Here, the system solves 
the problem for retractable type landing leg. Optimal weight design 
for auxiliary leg is achieved in four iterations and for main leg 
in three iterations. The record file is attached in Appendix. 

c. Design in the data base, old design opted for 

The problem is same as that of sample two. Here, the data 
base is searched and the user selected to retain the same old 

design. No design is done and the out put is copied from the data 
base as it is into an output file. The record file is attached 
in Appendix. 

d. A design existing in data base, new design option 

The weight of the aircraft and its purpose Is same as that 
of example two and three. The system responds with displaying old 
design details, as the design has been already done. Here, the 
response given by the user is to start a new design. The system 
designs the complete undercarriage. Behaviour of the system is 
same as for sample two, only change is, less number of questions 
is asked* The design details are similar to sample two. Thus, it 
proves the system is consistant for consistant response from user. 
Record file attached in Appendix. 
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©, Design in data base - Alteration option 

For comparison purposes the same as earlier example input* 
weight and purpose of the aircraft are given in this sample too* 
After searching the data base the user has responded to alter 
one of the designs* In this case the system respond with new set 
of questions, as can be found in record file. The user likes to 
change the ?S weight that auxiliary wheel takes and stalling velocity. 
Since former one is a major change, it can be noticed that, complete 
undercarriage has been redesigned. The difference in the designed 
values can be noticed from the record file attached In Appendix* 

It can be noted from record file that, in first sample run, 
design of landing gear is done for tail wheel type. An optimal 
weight design Is performed for unretrac table unbraced type landing 
leg layout. Internal diameter for auxiliary leg is 0,363 inches 
and external diameter is 0,595 inches. And internal diameter for 
main leg is 1,004 inches and external diameter is 1,634 inches. 

In second sample run, the weight and purpose of aircraft is 
different than first. Here, the design of landing gear is done 
for nose wheel type. An optimal weight design is performed for 
retractable, landing leg layout. Internal diameter from auxiliary 
leg Is 0,6996 inches arid external diameter is 1,131 inches* And 
internal diameter for main leg is 1*762 inches and external diameter 
is 2,889 inches# which clearly Indicates that system behaves 
differently for different problems# 
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5 « 3 -Conclusion 

The knowledge system fox landing gear design with optimised 
leg has been developed. The system has high degree of flexibility, 
and gains ‘experience’ in each run. It gives suggestions and 
aids user in taking decision or answering the questions asked. If 
the user has difficulty in deciding, he can ask the system to 
take decisions. In that case it takes reasonable decision and 
informs the user. It explains the design procedure. It may be 
used as a teaching aid for the beginner and effective tool for an 
experienced designer. It can also be used as sub— system by 
attaching to another main system. 

The design procedure details of the landing gear has been 
worked out for some components of the landing gear. These include 
tyre design, complete wheel design, optimal weight design of 
landing leg, retraction details and brake design. The selection 
made in the process include type of landing gear, type of landing 
leg (retraction method and mechanism), tyre pressure, shock 
absorber, and brake system type. 

After running this knowledge system for large number of 
times, it should be possible to get a detail design for any type 
of problem without designing the landing gear completely, that is 
just by modifying some part of the landing gear design. 
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5.4 Suggestions for further development 

To make design more complete, the design details of other 
mechanism in the landing gear like shock absorber fixing arrange- 
ment, the detail of mechanical part of shock absorber, other types 
of retraction method and mechanism etc. can be coded into the databa 
Thus making design more complete. Also advanced designs, if and 
when available for the parts of landing gear that has been already 
coded, can be added to the knowledge base from time to time. 

The weight optimization for other important members of 
undercarriage can be incorporated to generate more economical 


solution. 
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PECUBD FILE DSK: SSI OPENED G5-FEB-8R 21:28:40 
f $3 x ii 

!<9>(GOAL (START)) 


************************** ** ********* 
welcome to the IJHDERCARRIGE DESIGNER 
********** ******************{^J4***** 


I will now proceed to ask you series of questions pertaining 
to the design which vou want tc per lorn. If yon donot 
understand the question type what for the exnianation ot the 
question. 


TYPE CON FOR CONTINUE>CQN 

(QUESTION PLEASE SPECIFY THE WEIGHT OF THE AIRCRAFT IN POUNDS) >5700 


| agricultural PURPOSE 

2 LIGHT TRANSPORT 1234 SEATER 

3 TRAINER 1 2 SEATER 

4 EXECUTIVE TRANSPORT 4-8 SEATER 

5 UTILITY AIRCRAFT 

6 LIGHT, AMETURE A/C 

7 FIGHTERS 

8 PASSENGER , AIRSER VICE 

9 CARGO TRANSPORT 
JO SPORTS PLANES 


TYPE Al 
TYPE A2 
TYPE A3 
TYPE A4 
TYPE AS 
TYPE A 6 
TYPE A 7 
TYPE A 8 
TYPE A9 
TYPE AID 


(QUESTION PLEASE SELECT FROM THE ABOVE TABLE AND ANSWER) >A1 

ION NO DESIGN HAS BEEN DONE UNDER THIS CATEGORY AND WEIGHT RANGE SO NEW 
WILL BE DONE PLEASE TYPE A DESIGN NUMBER LIKE DESl OR SO) >DS1 

*************************************************** 

DESIGN WILL BE DONE FOR UNRETFACTABLE LANDING GEAR 
************************************************** 

(QUESTION PLEASE GIVE YOUR RATING VALUES FOR NOSE TAIL AND BICYCLE WHEEL TYPE 
IN THE RANGE OF 0 TO 1) >0,3 0.6 0.2 


LANDINGGEAR 

TYPF 

NOSEWHEEL 

tailwheel 

BICYCLE 


TOTAL 

RATING 

9.6618535 

39,754386 

0 . 40000000E-3 


miGr-mi'&vbmz'm'nmmi-tm' 

GROUND FRICTION COEFFICIENT within the 

RANGE 0.25 TO 0.79999999) >0.55 

(QUESTION PLEASE GIVE THE HEIGHT OF CG LOCATION IN FEET) >6.50 

(QUESTION PLEASE GIVE WHAT PERCENT OF TOTAL WEIGHT WOULD YOU LIKE THE AUXILLAR 
Y WHEEL TO TAKE) >9.0 


UNDERCARRIAGE LOCATION DETAILS 
FORE LOCATION 1.9444444 feet 

AFT LOCATION 5.1999999 feet 

WHEEL BASE 7.1444444 feet 

WHEEL TRACK 27.584699 feet 


LIGHT-CLASS-AC 

(QUESTION POP ABOVE CALCULATED FORE AND AFT LOCATIONS WHAT *ILL BE TH 
E J E lul^\.§§Sy HI ^, SURFACE OF AIRCRAFT BODY WHERF LAUDING LEG IS TO 
LED WHFM TYRES AND SHOCK ABSORBERS APE FULLY SQUASHED IN FEET) >2.5 2 

PARTS DESIGN 
******* ************* 


aux-wheel pressure" will "*bE*"calculated~ 

aux-wheel type selection 

NUMBER of TYPES IN AUX-wHEEL 1,0 

STATIC LOAD ON AUX-wHEEL 2000.0 

PRESSURE FINAL = 40.0 

aux-whfel details 

DIAMETER OF TYRE 22.599997 

TYRE WIDTH b.Q 

WHEEL RIM DIAMETER 12.0 


DETAILED DESIGN OF AUX-WHEEL PARTS 

WHEEL WILL BE DESIGNED AS MODERN SPLIt"tYPF*WHFEL 

FINDING AXLE DIA 

SOLID AXLE DIA 0.88520335 

FLANGE THICKNESS = 0.91622552E-1 

DESIGNING FASTENING BOLTS 

MATERIAL USED OPEN-HEARTH NICKEL STEEL 

NUMBER OF BOLTS 8.(1 
DIA OF BOLT 0.269^3892 

FINDING MAXIMUM STRESSES IN WE£_QF AUX-WHEEL^ 

ASSUMING THICKNEsi"0F"wEB”EQUALs"Tn*T.HlCKNESs’0F FLANGE 

(QUESTION PLEASE SPECIFY STALLING VELOCITY IN MPH) >45.0 

STRESSES CALCULM|D m AS RflD1JL SIRE5S . 145 „, 525 

MAXIMUM TANGENTIAL STRESS 27298.942 
MAXIMUM SHEAR STRESS 798.69154 

STRESSES"CALCULATED ARE*GREATER THAlTsAFE STRESSES 
REDESIGNING WEB 'THICKNESS^ 

REDESIGNED THICKNESS OF WEB OF AUX-WHEEL 0.10421661 

CHECKING ABOVE DESIGNED THICKNESS FOR A TORQUE 

MAXIMUM SHEAR STRESS DUE TO PURE TORQUE 2123,2534 

ABOVE CALCULATED SHEAR STRESS IS WITH IN THE LIMITS 
FINAL WEB THICKNESS 0.10421661 Inch 

DESIGN OF AUX-WHEEL LEG 

;sssss:ss:ss=::::ss:s::: 

HEIGHT OF AUX-WHEEL LEG 2.0 . ■ 

(QUESTION* 5 WHAT iI^TH^MAXiSuM^lImI^FOP SINK VELOCITY IN FT PER SEC) 


E DISTANC 
BE ASSFMB 
.0 


> 12.0 


SHOCK ABSORBER TRAVEL 1.2783240 FT 

ANALYSING THE LANDING LEG 


OPTICAL WEIGHT DESIGN OF MAIN VERTICAL MEMBER STARTS 

(QUESTION WHAT IS VALilF OF PENALTY PAR AMETFR ) >1.0 

(QUESTION WHAT IS VALUE OF EXPONENT) >2.0 

(QUESTION WHAT IS VALUE OF CONSTANT) >10.0 
DESIGNED DIMENSIONS 

EXTERNAL DIAMETER 0.30860192 
INTERNAL DIAMETER 0,13*50074 

DESIGNED DIMENS ID IS 

EXTERNAL DIAMETER 0.42561022 
INTERNAL DIAMETER C. 26856005 

designed dimensions 

EXTERNAL DIAMETER 0.59488715 
INTERNAL DIAMETER 0,36288116 


DESIGNED DIMENSIONS OF MAIN VERTICAL MAMBER IN Inch 

EXTERNAL DIAMETER 0.59488715 
INTERNAL DIAMETER 0.36283116 


NO ASCESSQRIES TO THE LANDING LEG 0NL* A VERTICAL STRUT 

MAIN-WHEEL PRESSURE WILL BE CALCULATED 

MAIN-WHEEL TYRE selection 

NUMBER OF TYRES IN MAIN-WHEEL 2.0 

STATIC LOAD ON MAIN-WHEEL 2593.5 

PRESSURE FINAL = 59.783333 


main-wheel 


DETAILS 

DIAMETER OF TYRE 22.599997 

TYRE WIDTH 6.0 

WHEEL RIM DIAMETER 12.0 


detailed design of^main-whefl PARTS 
WHEEL WILL BE DESIGNEd’as"mOdIrn“spLIt"tYPf'wHEEL 
FINDING AXLE DIA 

HOLLOW AXLE OF OUTER §IA 1.7431800 
FLANGE THICKNESS s 0. 87287721E-1 


DESIGN 

MATERI 


G fastening BO 

USED OPEN-HEA 


H NICKEL STEEL 


NUMBER OF BOLTS 12,0 
DIA OF BOLT 0.21496777 


FINDING MAXIMUM STRESSES_IN_WEB J3F J<AIN~WHEEL 
ASSUMING THICKNESS OF WEB EQUALS TO THICKNESS OF FLANGE 

STRESSES CALCULA|ED m AS RADIAL STRESS -U587 045 

MAXIMUM TANGENTIAL STRESS 23449.328 
MAXIMUM SHEAR STRESS 4332.2966 


STRESSES CALCULATED 
THICKNESS OF WEB QF 


ARE WITH IN THE LIMITS ■ 
MAIN-WHEEL 0 .87287721E-1 


CHECKING ABOVE DESIGNED THICKNESS FOR A TORQUE 

MAXIMUM SHEAR STRESS DUE TO PURE TORQUE 13016.233 

ABOVE CALCULATED SHEAR STRESS IS WITH IN THE LIMITS 
FINAL WEB THICKNESS 0.87287721E-1 Inch 



HEIGHT OF MAIN-WHEEL LEG 2.5 

PLEASE GIVE YOUR wElGHTAGE FOR THE FOLLOWING 

SPRING CHARACTERS IN THE RANGE OF \ TO 10 . 10 BEI?IG MAXIMUM 

1 SIMPLICITY of shock absorber 

2 WEIGH! OF SHOCK-ABSORBER 

3 EFFICIENCY OF ABSORBER 

4 RELIABILITY OF ABSORBER 

(QUESTION TYPE YOUR ANSWERS WITH A BLANK SEPFRATING THEM) >6597 
FOR MAIN WHEEL OLEO-PN HEMATIC SHOCK ABSORBER IS USER 

SHOCK ABSORBER TRAVEL 0.69474133 FT 

ANALYSING THE LANDING LEG 

OPTIMAL WEIGHT^DESIGH OF MAIN VERTICAL MEMBER STARTS 

(QUESTION WHAT IS VALUE OF PENALTY PARAMFTfR) >1.0 

(QUESTION WHAT IS VALUE QF EXPONENT) >2.0 

(QUESTION WHAT IS VALUE OF CONSTANT) >10.0 

DESIGNED DIMENSIONS 

EXTERNAL DIAMETER 1.0150157 
INTERNAL DIAMETER 0.64127270 


DESIGNED dimensions 

EXTERNAL DIAMETER 1 .6736965 
INTERNAL DIAMETER 1.0042179 


DESIGNED DIMENSIONS OF MAIN VERTICAL MAMBEF IN inch,,. 

EXTERNAL DIAMETER 1.6736965 
INTERNAL_DIAMETEP___1. 0042179 

NO ASCESSORIES TO THE LANDING LEG ONLY A VERTICAL STRUT 

KINETIC ENERGY THAT HAS TO BE ABSORBED BY BRAKES IS 96956,999 

FINDING FORCE REQUIRED TO BRAKE STOP THE VEHICLE AFTER LANDING 

Mttb'MM'nVMm'ttM 

~~"~BrAKe"tYPe’~"’"" """"sYSrRATiNG"vALUE"”^””^^’^”’"sHORFFORM^_^ 

FOR THE SYSTEM TO CONTINUE ITS OWN DESIGN CON 

SHOE BRAKE 4.9999995 SHOE 

DRUM BRAKE 3,9999995 DRUM 

DISC BRAKE 30.0 DISC 

NO BRAKING 2.9999997 NO-BR 

PARACHUTE BRAKE Q.99999990E-1 _ __ 

(QUESTION PLEASE TYPE YOUR OPINION FOR BRAKE SELECTION) >DISC 

NO OF FRICTION SURFACES IS 1 

NO OF FRICTION PLATES 1 


YES 

should I try for another answer CY/N)s>N 

OK 

<10>REC0RDFILE 

RECORD vrr.tr nsJL: &&A rr.ncFn n»;.Pca.ao aiAMAili 



" design ^ lumber ”— -"^ dsi "” -3 ^ 5 "^ 351 ” 533 ^ 515 ™” 3 


PURPOSE nr THE AIRCRAFT — 


A 1 


weight of the a/c ----- 5700 

TYPE OF LANDING GEAR — — pT 

UNFETRACTABLE TYPE 

location details 


WHEEL RASE - 
WHEEL TRACK 


•«•*« 7*144 

21.58 


'AUXILIARY w!lEiL'DETAILs7rT’ 


4 feet 
9 feet 


AUX-WHEEL PRESSURE .«• 40.0 rsi 

TYKE DIAMETER 22.599997' inches 

TYPE WIDTH — — 6.0 inches 

HIM DIAMETER 12,0 inches 

axle DIAMETER — — 0 .85520335 

NUMBER OF BOLTS 8 

DIAMETER OF BOLT — ... 0,2697 3892 inches 

Z 0. 10421661 inches 

auxiliary WHEEL~LEg"dETAILS. • * "IIITT 


inches 


SHOCK ABSORBER — — STEEL-SPRING 
HEIGHT OF LEG — — 2.0f e et 
EXTERNAL DIAMETER — — 0,59488715 
INTERNAL DIAMETER ——0.56288116 

ASCESSORIES DETAILS — 

BRACE ONE — 

LENGTH — NIL inches 
EXTERNAL DIAMETER —NIL 

internal diameter —nil 

BRACE TWO — 

LENGTH — NIL inches 
EXTERNAL DIAMETER — NIL 
INTERNAL DIAMETER — NIL 
JACK STROKE — — NILfeet 

"MAiN"’wHiiL”DETAILs7£ ,TT7"” 


inches 

inches 


inches 

inches 


inches 

inches 

inches 


MAIN WHEEL PRESSURE — — 59.783333 PSt 

TYRE DIAMETER — ■ — 22.599997 inches 

TYRE WIDTH — 6.0 inches 

RIM DIA OF THE MAIN WHEEL — — 12.0 inches 

AXLE DIA OF THE MAIN WHEEL — — 1.7431800 inches 

NUMBER OF BOLTS — — 12 4 , w 

DIAMETER OF BOLT — - ^*21496777 inches 

WEB THICKNESS 0. 87287721E-1 inches 


MAIN WHEEL LEG DETAILS — — 


SHOCK ABSORBER — - OLEO-PNUEMATIC 
HEIGHT OF LEG "*"""2. 5 feet ______ t „ 

EXTERNAL DIAMETER 1.6736965 inches 

INTERNAL DIAMETER — — 1.0042179 inches 
ASCESSORIES DETAILS — 

BRACE ONE — — „„ . . 

LENGTH «*— — «• NIL inches 

EXTERNAL DIAMETER — NIL inches 
INTERNAL diameter — NIL inches 
BRACE TWO -v' 

LENGTH **——■* nil inches, .. 

EXTERNAL DIAMETER — NIL Inches 
INTERNAL DIAMETER — NIL inches 

JACK stroke - — - NIL inches ^ „ 

FLANGE THICKNESS OF THE RIM — — 0.87287721E-1 

p m wp m ** m m *** «* m m m m m m ** mm m m m m «*» *** «* m m mm *# m m m m m m m 

TYPE OF THE_ > BRAKEING_SYSTEM_---^_DISC_-2- 

;sss3ss3ss$ssss3:s: 


inches 


SSSSSSSES; 




9 * m * * 

: 23 ss s s s sj s ss » ~ 5 s sss ts ss s s a? 5 





RfcCOB D FILE DSK* SSi OPENED 05«PE.B**8R 21241*02 
<9>(G0AL (START)) 


**************************s.********** 

Welcome to the DNDERCARPIGE DESIGNER 
************************************* 


T will now proceed to ask you series of questions pertaining 
to the design which vou went tc per torn . If you donot 
understand tne question tyre WhAT for trie explanation of the 
question. 


TYPE CON FOR CnNTINUE>CON 

(QUESTION PLEASE SPECIFY THE WEIGHT OF THE AIRCRAFT IN POUNDS) >16500 


1 agricultural PURPOSE 

2 LIGHT TRANSPORT 1214 SEATER 

3 TRAINER t 2 SEATER 

4 EXECUTIVE TRANSPORT 4-8 SEATER 

5 UTILITY AIRCRAFT 

6 LIGHT .AMETURE A/C 

7 FIGHTERS 

8 PASSENGER, AIRSER VICE 

9 CARGC TRANSPORT 

10 SPORTS PLANES 


TYPE 

TYPE 

TYPE 

TYPE 

TYPE 

TYPE 

TYPE 

TYPE 

TYPE 

TYPE 


A 1 
A2 
A3 
A A 
A5 
AS 
A7 
AR 
A9 
A10 


(QUESTION PLEASE SELECT FROM THE ABOVE TABLE AND ANSWER) >A4 

(QUESTION NO DESIGN HAS BEEN DONE UNDER THIS CATEGORY AND WEIGHT RANGE SO NEW 
DESIGN WILL BE DONE PLEASE TYPE A DESIGN NUMBER LIKE DES1 OR SO) >DS2 


************************************************** 
DESIGN WILL BE DOME for RETRACT ABLE LANDING GEAR 

************************************************** 


DESIGN WILL BE DONE FOR NOSEWBEEL-TYPE 


(QUESTION PLEASE GIVE THE HEIGHT OF CG LOCATION IN FEET) >7.9 

(QUESTION PLEASE GIVE WHAT PERCENT OF TOTAL WEIGHT WOULD YOU LIKE THE AUXILLAR 
Y" WHEEL TO TAKE) >12.0 

(QUESTION PLEASE SPECIFY THE ASPECT-RATIO OF THE PLANE) >7.0 


UNDERCARRIAGE 

LOCATION 

DETAILS 


FORE LOCATION 



1 1 .236668 

feet 

AFT LOCATION 



1.5322729 

feet 

WHEEL BASE 



12.768941 

feet 

WHEEL 'TRACK 

Mr*# 4m <mm m 

mm mm* 

10.368749 

• m mmmmrnmmmmm 

.feet 


MEDIUM CLASS AC 


LED WHEN TYRES AND SHOCK ABSORBERS ARE FULLY SQUASHED IN FEE * * 

******************** 

$ms.sHi»«******« 



AUX-WHEEL pressure *ill be calculated 

aux-wheel tyre selection 

number of tyres in au x- wHEEL l.C 

STATIC load ON AUX -WHEEL JOOO.C 

PRESSURE FINAL = 101, 66666 

AUX-hHEEL DETAILS 


DIAMETER OF TYRE 
TYRE WIDTH 
WHEEL RIM DIAMETER 


18.0 

5.6200000 

8.6 


DETAILED DESIGN OF AUX-WHEEL FARTS 

wheel will be designed as Mooepn splIt~type**wheel 

FINDING AXLE DIA 

HOLLOW AXLE OF OUTER DIA 1.3329111 
FLANGE THICKNESS s 0.22893568 
DESIGNING FASTENING BOLTS 

MATERIAL used open-hearth nickel steel 

NUMBER OF BOLTS 8-0 
DIA OF BOLT 0.34813969 


FINDING MAXIMUM STRESSES IN WEB OF AUX-WHEEL 

ASSUMING THICKNESS OF WEB EQUALS TO THICKNESS OF FLANGE 

(QUESTION PLEASE SPECIFY STALLING VELOCITY IN MpH) >50.0 

STRESSES CALCULATED AS „ c 

MAXIMUM RADIAL vSTRESS -6135.4393 ,^ 

MAXIMUM TANGENTIAL STRESS 17204.034 
MAXIMUM SHEAR STRESS 777.04625 

stresses*’calculatId’are"with"in"the"l|mits 

THICKNESS OF WEB OF AUX-WHEEL 0,22893568 

CHECKING ABOVE DESIGNED THICKNESS FOR A TORQUE 

MAXIMUM SHEAR STRESS DUE TO PURE TORQUE 2064.5896 

ABOVE CALCULATED SHEAR STRESS IS WITH IN THE LIMITS 
FINAL WEB THICKNESS 0,22893568 inch 

DESIGN JJF_AUX : WHEEL_LEG_ 

HEIGHT OF AUX-WHEEL LEG 4.1666666 

(QUESTION WHAT IS THE C MAXIMU« B LIMIT FOP SINK VELOCITY IN FT PEP SEC) >12.0 

SHOCK ABSORBER TRAVEL 0.79895253 FT 
ANALYSING THE LANDING LEG 

OPTIMAL WEIGHT DESIGN OF MAIN VERTICAL MEMBER STARTS 

mi mm tm arn ^ ^ ^ «g|f mu' ipi' Hlf*' HIT W tm — » ■»«»*.— "— mm mm. mnea MW., mum ■<** W^WMliB^imitW****** 1 ****!* 8 * 1 **** 1 **** ■MM it 

(QUESTION WHAT IS VALUE OF PENALTY PARAMETER) >1.0 
(QUESTION WHAT IS VALUE OF EXPONENT) >2..0 
Number of answers provided does , not match number needed, 


spaces 

> 2.0 


(OTllTIO^ P SHlT a iI"vADUE OF P £XPCNENT? 
(QUESTION WHAT IS VALUE OF CONSTANT) >10.0 



DESIGNED DIMENSIONS 

EXTERNAL DIAMETER 

internal, diameter 


U. 59853744 
0,41170996 


DESIGNED DIMENSIONS 

EXTERNAL DIAMETER 
INTERNAL DIAMETER 


0.661037 U 
0.4176R303 


DESIGNED DIMENSIONS 

EXTERNAL DIAMETER 
INTERNAL DIAMETER 


0.78270285 

0,46179468 


DESIGNED dimensions 

external diameter 
INTERNAL DIAMETER 


1 .1 31369 
0,699604 


6 


DESIGNED DIMENSIONS OF MAIN VERTICAL MAMB&R IN inch 

EXTERNAL DIAMETER 1.1313690 
INTERNAL DIAMETER 0.69960466 


designing ascessories of landing leg 


DESIGNED DIMENSIONS OF CE 

INTERNAL DIAMETER 0.45424827 
EXTERNAL DIAMFTEP 0190849655 
DESIGNED DIMENSIONS OF ED 

INTERNAL DIAMETER 0.86259940 
EXTERNAL DIAMETER 1,2932524 


DESIGNED JACK-STROKE 2.2674881 FEET 
DESIGN__0F_MAIN— WHEEL 

main-wheel pressure WILL be calculated 

main-wheel tyre selection 

number oE tyres IN MAIN-WHEEL 2.0 

STATIC LOAD ON MAIN-WHEEL 7260.0 

PRESSURE FINAL = 74.842104 

MAIN-WHEEL 


details 

diameter of tyre 

TYRE WIDTH 
WHEEL RIM DIAMETER 


32.199995 

9.1000000 
IS. 5 


DETAILED DESIGN OF WIN-WHEEL P&RTS 
WHEEL WILL BE DESIGNED AS MGoIrN SPLIT TYPF WHEEL 

finding axle dia 

HOLLOW AXLE OF OUTER DIA 2.6550889 
FLANGE THICKNESS s 0.16928348 

DESIGNING FASTENING BOLTS 

MATERIAL USED OPEN-HEARTH NICKEL STEEL 

NUMBER OF BOLTS 12.0 
DIA OF BOLT 0.34023525 

FINDING MAXIMUM STRESSES IN WEB^OF^MAIN-WHEEL 
ASSUMING THICKNESS OF WEB EQUALS TO THICKNESS OF FLANGE 

STRESSES CALCULATED AS radial SIpESS -9620.1287 

MAXIMUM TANGENTIAL STRESS 21851.161 
MAXIMUM SHEAR STRESS 3537.1483 


STRESSES CALCULATED ARE WITH IN THE LIMITS 
THICKNESS OF WEB OF MAIN-WHEEL 0,16928348 


* m mt m m m m ^ m >m m* m ** mm * 



CHECKING ABOVE DESIGNED THICKNESS FOR A TORQUE 

MAX IK UR SHEAR STRESS DUE TO P U R E TORQUE 10279 .126 

AHDvE CALCULATED SHEAR STRESS IS WITH If. THE LTMTTS 
FINAL WEB THICKNESS U. 16928348 inch 


HE§I£!L2*L*AI£r tt !2*:!S L hEC 


HEIGHT OF MAIN-WHEEL l,EG 4.3*4166* 

PLEASE GIVE YOUR wEIGHTAGE FOR THE FOLLOWING 

SPRING CHARACTQRS IN THE RANGE OF 1 TO 10 ,10 BEING MAXIMUM 

2 SIMPLICITY OF SHOCK ABSORBER 

2 WfclGlH OF SHOCK-ABSORBER 

3 efficiency of ABSORBER 

4 RELIABILITY OF ABSORBER 

(QUESTION TYPE YOUR ANSWERS WITH A BLANK SfPERATING THEM) >5 a 


5 8 


FOR FAIN WHEEL OLEO-PnUEWATIC SHOCK ABSORBER IS 
SHOCK ABSORBER TRAVEL 0.69474133 t T 
ANALYSING THE LANDING LEG 


USED 


OPTIMAL WEIGHT DESIGN OF M AIN VERTICAL MEMBER STARTS 

(QUESTION WHAT IS VALUE OF PENALTY PARAMETER) >1.U 

(QUESTION WHAT IS VALUE OF EXPONENT) >2.0 

(QUESTION WHAT IS VALUE OF CONSTANT) >10.0 

DESIGNED DIMENSIONS 

EXTERNAL DIAMETER 1.4987618 
INTERNAL DIAMETER 0.89604976 

DESIGNED DIMENSIONS „ 

EXTERNAL DIAMETER 2.0670265 
INTERNAL DIAMETER 1.3042937 

DESIGNED DIMENSIONS 

EXTERNAL DIAMETER 2.8891400 
INTERNAL DIAMETER 1.7623754 


DESIGNED DIMENSIONS OF MAIN VERTICAL MAMflER IN Inch 

EXTERNAL DIAMETER 2,8891400 
INTERNAL DIAMETER 1.7623754 


DESIGNING ASCESSORIES OF LANDING LEG 


designed oi«|»siONS D or H CE EH 

EXTERNAL DIAMETER 2.4309545 
DESIGNED DIMENSIONS OF ED 

INTERNAL DIAMETER 2.3081430 
EXTERNAL DIAMETER 3.4604842 


DESIGNED JACK-STROKE 2.56S8706 FEET 

KINETIC ENERGY THA T HAS TO BE ABSORBED BY BRAKES IS 495000,0 

(QUESTION PLEASE GIVE THE VALUE OF THE GROUND FRICTION COEFFICIENT WITHIN THE 
ANGE 0,25 TO 0.79999999) >0.45 

finding FORCE REQUIRED TO BRAKE STOP the vehicle after landing 



m * m n ****•£•••**£*••••****•*•*•*••. 

3 Y ST KM RATING FOR RH/Ur TYPES 


RRAKF- TYPE 


SYS. mating VALUE 


SHORT FORM 


FOR THE SYSTEM TO CONTINUE ITS ONN DESIGN CON 

SHOE BRAKE 1.9999997 SHOE 

DRUM BRAKE 0.99999980 DRUM 

DISC BRAKE 80.0 0T5C 

HU £ RAKING 0.999999900-1 hO-BH 

PARACHUTE BRAKE 0 .999999900- 1 PARA 


(QUESTION PLEASE TYPE YOUR OPINION FOR BRAKE SELECTION 1 >DJSC 

(QUESTION PLEASE SPECIFY FRICTION COEFFICIENT OF bPAKlNG MATERIAL) >0.35 

no OF FRICTION SURFACES IS 1 

NO OF FRICTION PLATES 1 


YES 

snouid I try for anotner answer ( Y/N) :>N 

QK 

<1Q>REC0RDFILE 

RECORD FILE DSK: SSI CLOSED 05-FEB-88 21:52:42 



.Erf * 

'design ,aUHBiR"’---I-IZIIIZ =S: DS2 = '’ ::::=S: = ~"*"*’~*' 

PURPOSE OF the AIRCRAFT ----- A 4 
weight'd? thf"*a /C **"---■• ""TfiSOO* 

TYPE OF LANDING GEAR pn 

JlllJjy LAnDING^LEG - — - RETRACTABLE TYPE 

LOCATION OFT aids"’ — — — -— — — ■ 

WHEEL rase ------ 12.768941 feet 

7 ri ~~~ 

A nx- WHEEL PRESSURE --- t 01 . 66666 psi 

TYRE DIAMETER 18,0 inches 

TYRE WIDTH — — 5.6200000 inches 

RIM DIAMETER 3.9 inches 

AXLE DIAMETER 1.5329111 inches 

NUMBER OF BOLTS — — — 8 

DIAMETER,. OF BOLT «... — 0,34813969 inches 

Ei - 28 ^- 5 - 8 irches 
“auxiliary wheel leg” deta iLs***"rmr"* 

W fit Ml n 9®# *M *** mm * Ml *M Ml Ml Mi W Ml M a® MU Mi Ml Ml Ml Ml Ml M aM M Ml Ml <M M Ml Ml M» * Ml • M Ml Ml Ml- *M m& Ml Ml Ml' Ml • M 

SHOCK ABSORBER — — pnuematic 

HEIGHT OF LEG 4.1666666feet 

EXTERNAL DIAMETER — — 1.1313690 inches 
INTERNAL DIAMETER ——0.69960466 inches 

ASCESSORIES DETAILS — 

BRACE ONE — 

LENGTH — - 23.745075 inches „ 

EXTERNAL DIAMETER ---0,90849655 inches 
INTERNAL DIAMETER — — 0,45424827 inches 
BRACE TWO — — . , 

LENGTH — 38.489719 inches 

EXTERNAL DIAMETER — — 1.2932524 inches 

INTERNAL DIAMETER — 0.86259940 inches 

JACK STROKE — — 2.2674881 feet 

RIM_Ft;ANGE_THICKNESS_--_0.22893568__ > _inches 

== I_ == _ ====5:: 

"""main WHEEL DETAILS.... «, 

.MAIN WHEEL PRESSURE — 74.842104 psi 

TYRE DIAMETER — — 32.199995 inches 

TYRE WIDTH — — 9.1000000 inches 

^ e d ^a 0 5f t ^ h 85VS!^l-:--:- , i-J SS oi8S“ , i»en« 

SSSSB^ISgT-n:: 1™*° S 

WEB THICKNESS — — — — — — 

"main wheel leg details^-— 

SHOCK ABSORBER — * -,§£?§"? 

Inches 
inches 

X «' X «»4 am r* *“t •# •»» **' « m >• * * 

ASCESSORIES DETAILS -* 

BRACE ONE £g” TH .... 31 .904328 inches 

EXTERNAL DIAMETER 2.4309545 inches : 

INTERNAL DIAMETER — 1.2154772 inches 

BRACE TWO 43.555356 inches 

EXTERNAL DIAMETER — — 3,4604842 inches 

INTERNAL diameter — — w 2.3081430 inches 
JACK STROKE «•«**»** 2 *5658706 inches „ „ - 4 , . 

r£pGE THICKNESS OF THE RIM — 16928348 inches 

TYPE Of THE BRAKEING SYSTEM— - DISC;;- 

3SSS5S3=SSMSSaSSaS8SSSSS = S5SS3SSS==S5SSSsS=S=aS=!S_SSB-5 

END OF DETAILS 








RECORD FILE DSKj SSI OPENED 05-FEB-88 22? 09 1 45 
NIL 

<9>tG0AL (START) ) 


tne LNDERCARPlGfc^DESTGNEP 11 

************************** tmumm 


1 will now proceed to ask you series of questions pertaining 
lo the design wnich you want to per torn. If you donot 
understand the juestlon tyne whM for tne explanation ot the 
question. 


TYPE CON F0F< C0NTiNUE>CUN 

(yUESTlON PLEASE SPECIFY The WEIGHT 01* THE AIRCRAFT IN POUNDS) >16500 


| AGRICULTURAL PURPOSE 

2 LIGHT TRANSPORT 12 i 1 SLATER 

3 TRAINER 1 2 SEATER 

4 EXECUTIVE TRANSPORT 4-8 SEATER 

5 UTILITY AIRCRAFT * 

6 LIGHT .AMET UR E A/C 

7 FIGHTERS 

8 PASSENGER, AIRSERVICE 

9 CARGO TRANSPORT 

10 SPORTS PLANES 


TIPS Al 
TYPE 12 
TYPE A3 
TYPE A4 
TYPE AS 
TYPE A6 
TYPE A 7 
TYPE AR 
TYPE A9 
TYPE A10 


(ytJESTlON PLEASE SELECT FROM THE ABOVE TABLE AND ANSWER) >A4 


_2k D „£ E §I$N_DETAIL___ 

DisiGN~N0 = ' 555* 

PURPOSE OF THE A/C 
WEIGHT OF this A/C = 


A4 

16500 


landing gear type 

LANDING LEG TYPE 


PN 

RETRACTABLE 


LOCATION DETAIL 


W&EEL BASE a 12.768941 


wheel track = 10 , 368749 


AUX-WHEEL detail 

z'miuwKV 


PRESSURE = 101.66666 psi TYRE DIA = 18.0 Inchs 

1 VHE &TDTH s 5.6200QQ0 inchs RIM DIA - 8,0 

AXEL DIA a 1.3359111 WHEEL FLANGE THICKNESS a 0,22893568 
NUMBER OF BOLTS = 8 DIAMETER OF BOLT a 0, 348l3969lnch 

WEB THICKNESS = 0.22893568 - SHOCK ABSQRBeA = PNUEMATIC 

HEIGHT OF LEG = 4.1666666feet 
DETAILS OF LEG ==== 

EXTERNAL DIAMETER =1 .1313689inch 
ASCESSORIES DETAILS ====== 

BPACF ONF s=saa 
LENGTH a' 2 3 .745074 inch „ _ 

EXTERNAL DIAMETER = «.90849655inCh 
INTERNAL DIAMETER a 0,45424827inCh 
JACK STROKE a 2. 2674880* eet" 


INTERNAL DIAMETER =0 . 69960466inch 

BRACE TWO ==-==. . 

LENGTH a 38.4897181nch 

EXTERNAL DIAMETER = 1 .2932524 inch 
INTERNAL DIAMETER = 0,8 625 9940 inch 


TYPE 

CON 


CON 


FOR CONTINUE >CCN 



AUi WHEEL DEI A I Li 


PFeSSU 
TYRE 
AXLF. D 
NUMBER 
WEB TH 
HEIGHT 
DETAIL 
extern 
ASCESS 
BRACE 
LENGTH 
EXTERN 
INTERN 
JACK 5 


RE = 7 i 
WIDTH : 
I A ~ 2 , 
OF BOl 
XCRN&Sf 
OF DEC 
S OF Li 
AL ' DIA' 
01 1ES i. 
ONE = = ' 
; 31 i 
AL I'XA 

AL dia* 
TP.OKE : 




1421 0 i psi TIRE DIA = 32.199995 inchs 

*. lOOOUCO mens RIM DIA = 15.5 

>50889 inchs WHEEL FLANGE THICKNESS = 0.16928348 

j = 12 DIAMETER OF BOLT = 0. 34023525 inch 

= 0.16928348 SHOCK ABSORBER = QLE0-PNULMAT1C 

5 _1.35*Ubb6feet 

i'ER =2.8H91400inch INTERNAL DIAMETER =1 .76237531n ch ■ 
L' AILS === = = = 

- JBp&CE TWQ =:=: s:=:=J 

1328incn LENGTH = 43.555356lncn 

rtp. = 2 .4309 545 inen EXTERNAL DIAMETER = 3 . 4604842 inch 

i’ER = 1.2154/7 t inch INTERNAL DIAMETER = 2 . 3081 429 inch 

t ,5b58706tee t 


type 


TYPE OF BRAKING SYSTEM DISC 


FOR CONTINUE >CCN 


TYPE THE OPTION AS INDICATED BELOW 


OPTION 


SHORT FORM TO BE TYPED 


DESIGN COMPLETELY ACCEPTABLE 


OK <THAT DESIGN N0> 


DESIGN ACCEPTABLE AFTER ALTERATION 

FURTHER SEARCH DESIRED 
A NEW DESIGN DESIRED 


ALTER <THAT DESIGN NO > 

SEARCH < XX > 

NEW <NEw DESIGN N0> 


(QUESTION PLEASE TYPE YOUR OPINION NOW ) >QK DS2 
(QUESTION PLEASE TYPE NEW DESIGN NUMBER) >DS3 


Should I try for another answer (Y/N) :>N 

OK 

<10>REC0RDFILE 

RECURD FILE DSK : SSI CLOSED 05-KEB-88 22? 12:01 



Di5iGN’55HBE5’:::::::::::-D5r" s "* 

PURPOSE OF THE AIRCRAFT ----- ft4 


weight of THE A/C 

TYPE OF LANDING GEAR — 
TYPE OF LANDING LEG — 

'lOC AT I nw"l)KT AILS** "*""""" **" 


16500 
■ PN 

• RETRACTABLE 


TYPE 


wheel base — 

WHEEL TRACK 


12.768941 feet 
1C • 368749 feet 


.SH^IkiAR^LEG^UHlT^DETAILS^.....^^^ 

’AUxiLiARY~iHEEL'DETAILsTT7T7TI''~~'"‘"“~ 

AUX- WHEEL PRr,SSURE"*---"*l 01 "66666"**PS I” 

TYRE DI AULTF.P 18,0 inches 

TIRE WIDTH 5.6200000 inches 

RIM DIAMETER 8.0 inches 

AXLE DIAMETER — — i.33291 11 inches 
NUMBER Of BOLTS — 8 

DIAMETER of BOLT - 0,34813969 inches 

WEB THICKNESS 0.226935b8 inches 

auxiliary wheel leg details......... 

'shock"" absorber PNUEMATK 

HEIGHT OF LEG — 4 . 1666666f eet 

EXTERNAL DIAMETER 1,1313689 inches 

INTERNAL DIAMETER -0.^9960466 inches 

ASCESSORIES DETAILS 
BRACE ONE 

LENGTH — — 23.745074 inches „ 
EXTERNAL DIAMEiF.R — — 0.90849655 
INTERNAL DIAMETER —0.45424827 

H ft A C f** TWO mum mm 

LENGTH — 38.489718 inches _ 

EXTERNAL DIAMETER — 1.2932524 

INTERNAL DIAMETER 0.86259940 

JACK STROKE — — 2 ,2674880f eet 

RIM FLANGE THlCKNESS_--_0. 22893568 inches 

------------ ^iiAiEi * 


inches 

inches 


inches 

inches 


♦ ♦ m 9 * 


MAIN WHEEL DETAILS.,.., . 


main wheel pressure — — 74.842103 psi 

TYRE DIAMETER — 32.199995 inches 

TYRE WIDTH — 9,1000000 inches 

RIM DIA OF THE MAIN WHEEL — — 15.5 inches . 

AXLE DIA OF THE MAIN WHEEL ---- 2.6550889 inches 

NUMBER OF BOLTS — — 12 , w 

DIAMETER OF BOLT — - 0,34023525 inches 

WEB THICKNESS — 0. 16§28348 inches^__^___^_^ 

"main’wheel leg details — — 

m m m m* m wm m m m m ' m m ' m mm m m "w m m ** m ** ** ** *• *• ** *® m m m ** **'*» ** * *** m **■ ^ ** ** ** ** ** *** ** ** ***• ** * 

SHOCK ABSORBER — — OLEO-PNUEMATIC 
HEIGHT OF LEG — -«*4.3541666feet 
EXTERNAL DIAMETER — — 2.8891400 inches 

INTERNAL DIAMETER —— 1.7623753 inches 

ASCESSORIES DETAILS — — 

BRACE ONE — - . 

LENGTH — - 31.904328 ioqhes , 

f&gStt :::: ?:l?SSf?f ti&tt 

ERSCE ™ U g®»E*Ew.JI*| SS .SS Mj« inches 

INTERNAL DIAMETER — — 2.3081429 inches 

JACK STROKE — — 2.5658706 inches 

FLANGE THICKNESS OF THE RIM 0.16928348 inches 

TYPE OF THE BPAKEING SYSTEM — DISC — - 

555$255S3!S s 88SS5555Si:5SSSSrS: 


S5S 


;S-SSSSSS« SXXXSS33S2X® 3 


END OF_DETAILS_.,... 





RECORD FILE DSK: SSI OPENED U6-FEB-88 04:20:40 
<9>(G0AL (START)) 


***************$»*♦:* * ********* Si.****** 

welcome to the UNDERCARR IGF DESIGNER 
************************************* 


1 will now proceed to ask vow series of questions pertaining 
to the design which you want to per torn. If yon donot 
understand the question tyoe what for tne explanation ot the 
question. 


TYPE CCJN FOR C0NTINUE>C0N 

(QUESTION PLEASE SPECIFY THE WEIGHT OF THE AIRCRAFT IN POUNDS) >tt>5uQ 


| AGRICULTURAL PURPOSE 

2 LIGHT TRANSPORT 1234 SEATER 

3 TRAINER 1 2 SEATER 

4 EXECUTIVE TRANSPORT 4-8 SEATER 

5 UTILITY AIRCRAFT 

6 LIGHT , AMETURE A/C 

7 FIGHTERS 

8 PASSENGER, AIRSERVICE 

9 CAFGC TRANSPORT 
SO SPORTS PLANES 


TYPE A| 
TYPE A2 
TYPE A3 
TYPE A 4 
TYPE AS 
TYPE A6 
TYPE A 7 
TYPE A8 
TYPE A 9 
TYPE A10 




OLD.DESIGN.DEIAII, 

*DisiGN"iQ"= „ DS3 

PURPOSE OF THE A/C 
WEIGHT OF THIS A/C = 
LANDING GEAR TYPE PN 


A4 

16500 


LANDING LEG TYPE 


RETRACTABLE 


LOCATION DETAIL 


WH££l BASE = 12.768941 


WHEEL TRACK = 10.368749 


aux-nheel DETAIL 

PRESSURE s*l6i ^6§U‘*PS}**‘ TYRE DIA = 18.0 inchs 

'TYRE WIDTH = 5.6200000 inchs RIH DIA =8.0 

AXEL DIA =1.3329111 WHEEL FLANGE THICKNESS =0,22893568 
NUMBER OF BOLTS = 8 DIAMETER OF BOLT = 0.348l3969inch 

WEB THICKNESS = 0,22893568 SHOCK ABSORBER = PNUEMATTC 

HEIGHT OF LEG = 4 , I666666f eet 


DETAILS OF LEG ==== , _,_, OU4 w 

EXTERNAL DIAMETER =1 ,1313689inch 
ASCESSQRIES DETAILS ====== 

BRACE ONE ===== 

EXTERNAL DIAME|ER 4 i n p!j90849655inch 

3S?raaSI A 2 c ^^?4§5«ni?r 271nch 


INTERNAL DIAMETER =0 ,69960466inch 

BRACE TWO ===== 

LENGTH = 38 .4897 1 7 inch 

EXTERNAL DIAMETER = 1 ,2932524inch 
INTERNAL DIAMETER = 0 ,86 25 9940 Inch 


TYPE 


CON 


FOR CONTINUE >C0N 

p : flTt UK qm Mb fft f m mP Ml'KK VMfc Ml W i® H 

MAIN WHEEL DETAIL 


* # # * ' 


..... 

web B thickness T = l%lu£ 1A T^ C ° C " *^orber*= 4 oleo-pnuematic 

HEIGHT OF LEG s 4 . 3541666 f eet 



DETAILS OF LEG ===== 

EXTERNAL DIAMETER =2 . 388 1 400 inch 
ASCESSORIES DETAILS ====== 

BRACE ORE ===== 

LEf4GTH = 3t ,904i2Binch 
EXTERNAL DIAMETER = 2 . 4 J09545inch 
INTERNAL DIAMETER = 1 . 2 1 5477 1 Inch 
JACK STROKE = 2.5658 706teet 


INTERNAL DIAMETER =1 .7623 753ihCh 

BRACE TWO ===== 

LENGTH = 43.S55356tncn 
EXTERNAL DIAMETER = 3 . 4604842 inch 
INTERNAL DIAMETER = 2 . 308 1 429 Inch 


:====II5I==£-223-I-S-52§Z! M ; • • • - «„„_2i§c 


type con fop, continue >cc h 

TYPE THE OPTION AS INDICATED BELOW 


OPTION 


SHORT FORM TO BE TYPED 


DESIGN COMPLETELY acceptable 
design acceptable after alteration 
further search desired 

A NEW DESIGN DESIRED 


ALTER 


OK CTHAT DESIGN Nfl> 
<THAT DESIGN NO > 


SEARCH < XX > 

NEW <NEW DFSIGN *JU> 


IIIIIIIIIIIIIIIsiilsiliiEIiizIIklll” 'J"”~ 

DESIGn’nO a DS2 


PURPOSE OF THE A/C 
WEIGHT OF THIS A/C = 


LANDING GEAR TYPE 
LANDING LEG TYPE 


PN 

retractable 


A4 

16500 


LOCATION DETAIL 


WH&EL BASE = 12.768941 


WHEEL TRACK = 10.368749 


AUX-WHEEL DETAIL 

PRESSURE ym:UUr’psi mam TYRE DIA = 18.0 InchS 

TYPE WIDTH = 5*6200000 inchs RIM DIA = 8.0 

AXEL DIA =1. 3359111 WHEEL FLANGE THICKNESS =0 22893568 
NUMBER OF BOLTS = 8 DIAMETER OF BOLT = 0. 3481 3969inch 

WEB THICKNESS * 0.22893568 SHOCK ABSORBER = PNUEMATIC 

HEIGHT OF LEG 3 4.1666666feet 

HKjSSSL°Ei«g.B‘:i.i3.M.9i B ch 

ASCESSORIES DETAILS ====== 

BRACE ONE =====„. 

LENGTH = 23,745074mch 
EXTERNAL DIAMETER = 0.9 §5§j* nc 5 
INTERNAL DIAMETER = 0.45424827inch 
JACK STROKE = 2 ,2674880f eet 

TYPE CON FOR CONTINUE >CON 


INTERNAL DIAMETER =0 .699 6046 6 inch 

BRACE TWO „ 

LENGTH = 38.489717inch _ 

EXTERNAL DIAMETER = 1 ,2932524inch 
INTERNAL DIAMETER = 0 . 8625994Qinch 


MAIN WHEEL DETAIL 


PRESSURE = 74.842103 PSi TYRE DIA =32.199995 inchs 

A |?| E D lJ D l H 2 = 65§0889 0 °lnchS CnS WHEEL FLANGE THICKNESS = 0.16928348 

NUmIeR OF BOLTS = SI DIAMET ER OF = g.34023525inch 

WEB THICKNESS s 0,16928348 SHOCK ABSORBER - OLEU-HNUC,«AixL 

H|I?»T 0F_LEG_ 3 _4, 3541 666f eet 

INTERNAL DIAMETER =1 ,76237531nch 

BRACE TWO ===== 

LENGTH = 43. 555356 inch „ 

EXTERNAL DIAMETER = 3,4604842lnch 
INTERNAL DIAMETER = 2.308l429Inch 


EiiEiML 0 ElAiifER'=2 ,8891400inch 
ASCESSORIES DETAILS ====== 

BRACE ONE ===== 

LENGTH = 3 1.904328 inch, 

EXTERNAL DIAMETER = 2.4i09545inch 
INTERNAL DIAMETER = 1. 2l54771inch 
JACK STROKE = 2 ,5658706f eet 


TYPE of BRAKING SYSTEM......__ni5C__ 

E!Ssjaafs;ssS5 ; S . i 5 ! ii. ! - 3 -e==saa======a===========“===-* B *’— — 



TYPE CON FOR CONTINUE >CCN 

TYPE THE OPTION AS INDICATED BELOrt 


OPTION 


SHORT FCRM TO BE TYPED 


design completely acceptable 
design acceptable after alteration 

FURTHER SEARCH DESIRED 
A NEW DESIGN desired 


ok <THAT DESIGN MO> 
ALTER <TH AT DESIGN NO > 
SEARCH < XX > 

NEW < N F- * LFSTGN Nu> 


(QUESTION PLEASE TYPE YOUR OPINION NO*} >NEW DS4 
*•;*****■*%**•***%***$.*****$•*$%**%******%*.% 4.*, 

DESIGN will be DOME- FOR RETRACTABLE LANDING GEAR 
#*****.******« ************************************* 

DESIGN WILL BE DONE FOR NO§£wh£eL-TYPE 


UNDERCARRIAGE LOCATION DETAILS 
FURE LOCATION 11.236668 feet 

AFT LOCATION 1.5322729 feet 

WHEEL .EASE 12.768941 feet 

WHEEL TRACK 10.368749 feet 

MEDIUM CLASS AC 

* * * * **************** 

PARTS DESIGN 
******************** 


2Ssign_of,aux : wheel 

aux-wheel pressure”will~b£""calculated' 


aux-wheel tyre selection th aiiv uiuE , cir , n 

NUMBER OF TYRES IN AUX-WHEEL 1.0 
STATIC LOAD ON AUX-WHEEL 3000.0 
PRESSURE FINAL = 101.66666 


AUX-WHEEL DETAILS 


DIAMETER OF TYRE 
TYRE WIDTH 
WHEEL RIM DIAMETER 


18.0 

5,6200000 

8.8 


DETAILED DESIGN OF AUX-WHEEL PARTS 

WHEEL WILL BE DESIGNED AS MODERN SPLIT TYPE WHEEL 
FINDING AXLE DIA ^ k 
HULLOW AXLE OF OUTER DIA 1.3329U1 
FLANGE THICKNESS s 0.22893568 

designing fastening bolts 

MATERIAL USED OPEN-HEARTH NICKEL STEEL 

NUMBER OF BOLTS 8.0, ^ 

DIA OF BOLT 0.34813969 

finding maximum^stresses^in^webjfjux-wheel^ 
ASSUMING THICKNESs"oF WEB EQUALS TO THICKNESS OF FLANGE 

STRESSES CALCULATED AS AL stress -6135 4393 

MAXIMUM TANGENTIAL STRESS 17204.034 
MAXIMUM SHEAF STRESS 777.04625 


STRESSES CALCULATED ARE WITH IN THE LIMITS 
THICKNESS OF WEB OF AUX-WHEEL 0.22893568 



RECKING ABOVE DESIGNED THICKNESS FOR A TORQUE 

MAXIMUM SHEAR. STRESS DUE TO PURE TORQUE 2064.5896 

ABOVE CALCULATED SHEAR STRESS IS WITH In THE LIMITS 
FINAL WEB THICKNESS 0.22893568 inch 


leg 


HEIGHT gF AUX-.WHEEL LEG 4. lb 6 6666 
PNUEFA1IC TYPE OF SHOCK ABSORBER 
SHOCK ABSORBER TRAVEL 0.7989625 3 FT 

analysing the landing LEG 

optimal weight design of main vertical member starts 


designed dimensions 

external diameter 

INTERNAL DIAMETER 

DESIGNED DIMENSIONS 

EXTERNAL DIAMETER 
INTERNAL DIAMETER 

designed DIMENSIONS 

external diameter 
internal diameter 

DESIGNED DIMENSIONS 

EXTERNAL DIAMETER 
INTERNAL DIAMETER 


0.59853744 
U„ 41 170996 


0.66103731 

0,41768303 


0.78270285 

0.46179468 


1.1313690 

0.69960466 


DESIGNED DIMENSIONS OF MAIN VERTICAL MAMJ3ER IN Inch 

EXTERNAL DIAMETER 1.1313690 
INTERNAL DIAMETER 0.69960466 


DESIGNING ASCESSORIES OF LANDING LEG 


DESIGNED DIMENSIONS OF CE 

INTERNAL DIAMETER 0.45424827 
EXTERNAL DIAMETER 0.90849655 
designed dimensions OF ED 

INTERNAL DIAMETER 0.86259940 
EXTERNAL DIAMETER 1.2932524 


DESIGNED JACK-STROKE 2.2674881 FEET 

DESIGN J)F_MAIN-foHEEL_ 

MAIN-WHEEL PRESSURE WILL BE CALCULATED 
MAIN-WHEEL TYRE SELECTION MU _ t 

number of tyres in main-wheel 

STATIC LOAD ON MAIN-WHEEL 7260.0 
PRESSURE FINAL 3 74.842104 


MAIN-WHEEL 


DETAILS a er of TY RE 

TYRE WIDTH 
WHEEL RIM DIAMETER 


2.0 


32.199995 

9.1000000 

15.5 


DETAILED DESIGN OF MAIN-WHEEL PARTS 
WHEEL WILL BE DESIGNED AS MODERN SPLIT TYPE WHEEL 
FINDING AXLE DIA 

2,6550889 


HOLLOW AXLE OF OUTER DIA 2.6 
FLANGE THICKNESS * 0.16928348 



DEIGNING FASTENING BOLTS 

material used open-hearth nickel steel 


NUMBER OF BOLTS 12. U 
DtA OF BOLT 0.34023525 


FINDING MAXIMUM STRESSES XL WEB OF MAIW-«H£EL 
ASSUMING THICKNESS Uf”wEb"eQU AT S~TO~THICK NESS*" OF**F LANGE 


STRESSES CALCULATED AS 

MAXIMUM RACIAL STRESS -9620.1287 
MAXIMUM TANGENT I Al STRESS 21851.161 
MAXIMUM SHEAR STRESS 3637,1483 


STRESSES CALCULATED ARE WITH IN THE LIMITS 
THICKNESS OF WEB of MAIN-WHEEL 0.16928348 


CHECKING ABOVE DESIGNED THICKNESS FOP A TORQUE 
MAXIMUM SHEAR STRESS DUE TO PURE TORQUE 10275.126 


ABOVE CALCULATED SHEAR STRESS IS WITH IN IRE LIMITS 
FINAL WEB THICKNESS 0, 16929348 Inch 


DESIGN OF MAIN-WHEEL LEG 



HEIGHT OF MAIN-WHEEL leg 4,3641666 

PLEASE GIVE YOUR wEIGHTAGE FUR THE FOLLOWING 

SPRING CHARACTORS IN THE RANGE OF 1 TO 10 . 10 BEING MAXIMUM 

1 simplicity of shock absorber 

2 WEIGTH OF SHOCK-ABSORBER 

3 efficiency of absorber 

4 RELIABILITY OF ABSORBER , „ 

(QUESTION TYPE YOUR ANSWERS WITH A BLANK SEPERATING THEM) >6784 

FUR MAIN WHEEL OLEO-PNUEMATIC SHOCK ABSORBER IS USED 

SHOCK ABSORBER TRAVEL 0.69474133 FT 

ANALYSING THE LANDING LEG 


OPTIMAL WEIGHT DESIGN OF ^IN^VERTICAL^MEMBER^STARTS 

DESIGNED DIMENSIONS 4 

EXTERNAL DIAMETER 1.4987618 
INTERNAL DIAMETER 0.89604976 

DESIGNED DIMENSIONS 

EXTERNAL DIAMETER 2.0670265 
INTERNAL DIAMETER 1,3042937 

DESIGNED DIMENSIONS „ „ 

INTERNAL DIAMETER 1*7623754 

DtiSiGNED OIUMIIMI OF R.JSISoo 

INTERN AL_DIAMETER_ - 1 .7623754 


DiSIGN|NG_ASCESSORlES_OF_LANDING_LEG 


DESIGN ED D IgK 5 ia .6 JF M 

EXTERNAL DIAMETER 2.4309545 
designed oimensio^ofjd^ 

EXTERNAL DIAMETER 3.4604842 


DESIGNED BACK-STROKE 2.5658706 FEET 



l 2S s i- ! i UF shakes 

KINETIC ENERGY THAT !, AS TO BE ABSORBED .BY BRAKES IS 495000.0 

FINDING FORCE REQUIRED TO BRAKE STOP THE VEHICLE AFTER LANDING 

SYSTEM * RAT !ng’F0F<’ BRAKE ’TYPES 

«— ,«2 Y£ ;!! ATING valve m _ short form 


H3R THE SYSTEM TO CONTINUE ITS OWN DESIGN CON 

SHOE BRAKE 1.9999997 SHOE 

DRUM BRAKE 0.99999980 DRUM 

DISC BRAKE 80.0 DISC 

kU BRAKING O.99999990E-I NO-BR 

PARACHUTE BRAKE 0.99999990E-1 PARA 

m «**««*» m m m m «•#*■«■ m *» *«* wm ** **■* ** mm mm m m m mmmm'mmmrn»mmmmmmmimmmmmmmmmmmmmmmmmmmmmmmmnim$mmmmm 

NU U t FRICTION SURFACES IS 1 

NO UF FRICTION PLATES 1 


snould I try tor another answer ( Y/N) :>N 
ok 

<10>REC0RDF1LE 

RECORD FILE DSK: SSI CLOSED 06-FEB-88 04:24:31 





DEiiGN “number “-™---»™ Di'i'”’ 

*ii»*»*if*iw^«***«»w*»**«*«*<«** , »«i ^*»< m m<m mm m m>mv*wm mmt m ® m <m m m m m m m m 

PURPOSE OP THE &IRCPAFT — — M 

nmmimm mmm ammmmrnimmmmm mmmmmm mm mm mmmm mmmmm m m m m •mmt m 

WEIGHT op I'HE A/C — — 16S0Q 

TYPE OF LAUDIJG GEAR ' PN 

IISS.2E: T,EG RETRACTABLE TYPE 

*LOCATinh DETAILS"*' — 

• WHEEL RASE ----- 12 .768941*’? eet 

WHEEL_TRACK_— _1 0.368749 feet 

_ ’ * I" 

" * _ ““ aux iEi A srj HiiL’oii a i£i::::::: 

’ "AUX“WHEF.L”pRisSURE**---**lQi?66666””psi”” 

TYRE DIAMETER — — 18.0 inches 
TYRE WIDTH ---- 5,6200000 Inches 

RIM DIAMETER 8.0 inches 

AXLE DIAMETER — — 1.3329111 inches 
NUMBER OF BOLTS - — — 8 

DIAMETER OF BOLT 0,34813969 Inches 

WEB THICKNESS — — 0.228^3568 inches 


AUXILIARY WHEEL LEG DETAILS, 


SHOCK ABSORBER PNUEMAT IC 

HEIGHT OF LEG — — 4.l666666feet 

EXTERNAL DIAMETER 1.1 31 3690 inches 

INTERNAL DIAMETER ——0,69960466 inches 

ASCESSQRIES DETAILS — 

BRACE ONE — 

LENGTH — — 23.745075 inches _ 

EXTERNAL DIAMETER - — -0.90849655 inches 
INTERNAL DIAMETER - — -0.45424827 inches 


BRACE TWO -« 

LENGTH — — 38,489719 

EXTERNAL diameter 
INTERNAL DIAMETER — 

JACK STROKE 2 .267488 1 feet 



[IIIlMililCHilllPiIIlillliiilllll s - 

'MAiN’HiiiiL-oETAiLs:.:::: 


nches „ 
.2932524 
0.86259940 

inches 


inches 

inches 


psi 

les 


MAIN WHEEL PRESSURE — — 74.842104 PS 

TYRE DIAMETER — — 32.199995 inch* 

TYRE WIDTH — — 9,1000000 inches 

RIM DIA OF THE MAIN WHEEL — — 15.5 inches 

AXLE DIA OF THE MAIN WHEEL 2.6550889 inches 

DIAMETER OF BOLT — — 6,34023525 Inches 

WEB THICKNESS — — 0.16928348 inches 

MAIN WHEEL LEG DETAILS — 


SHOCK ABSORBER — - -JVfO-PNUEMATIC 
HEIGHT OF LEG —4. 354 1666 feet 
EXTERNAL DIAMETER — 2.8891400 inches 

INTERNAL DIAMETER, — — i. 7623754 inches 
ASCESSORIES DETAILS — 

BRACE ONE — — „ t -_ a . 

LENGTH •— 31.904328 inches 

EXTERNAL DIAMETER — — ^.|f0954 

INTERNAL DIAMETER — — 1.215477 

BRACE TWO ™- Th 43.555356 inches 

EXTERNAL DIAMETER — — 3.460484 

INTERNAL DIAMETER — — 2.308143 

JACK STROKE -** 1 "** 2*5658706 inches 

FLANGE THICKNESS OF THE RIM 0,16928348 

»**#» m m m mmmm mm — — — — — — — — “ 


inches 

inches 


inches 

inches 

inches 




3SSS5S8S3*! 


TYPE OF THE BRAKEING SYSTEM ;;-_DISC--- 

±15.------ — SSSB3S355S===S=S5 = S ss = s S = ss=b=3 


SSBSSSS 


END OF DETAILS 


****** C'S’s *«* wra - WJMiO****' ***** 

jssssaesws #****- 5355 ® 55 * 553533 * 5 * 55 ® 1 


csrasssssassssssss:: 





RECORD FILE DSK; SSI OPENED Ob-FEB-88 21SU9U3 
<V>tGOAL to'LAHin 


Welcome to' the UhUfcRCARRlGt DESIGNER 


I will now proceed to ask you series of questions pertaining 
to the design wnicft you want tc perform. It you donot 
understand the question type WHAT for tne explanation ot the 
question. 


TIRE CON FOR COfjT II) i]E>CUN 


CDUEST10D PLEASE SPECIFY THE WE IGHT OF THE AIRCRAFT IN POUNDS ) >165UU 


| -AGRICULTURAL PURPOSE 

2 LIGHT TRANSPORT 1234 SEATEH 

3 TRAINER 1 2 SEATED 

4 EXECUTIVE TRANSPORT 4-8 GRATER 

5 UTILITY AIRCRAFT * 

6 LIGHT , AMETURE A/C 

7 FIGHTERS 

8 PASSENGER, AIRSERV1CE 

9 CARGO TRANSPORT 
JO SPORTS PLANES 


TYPE A 1 
TYPE A 2 
TYPE A3 
TYPE A 4 
TYPE AS 
TYPE A 6 
TYPE A 7 
TYPE A8 
TYPE A 9 
TYPE A10 


tyUESTlON PLEASE SELECT FROM THE ABOVE TABLE AND ANSWER) >A4 


OLD DESIGN DETAIL 


DESIGN NO '= 

PURPOSE OF THE A/C 
WEIGHT OF THIS A/C = 
LANDING GEAR TYPE PN 


DS4 


A 4 

10500 


LANDING leg type 


RETRACTABLE 


LOCATION DETAIL 


WHEEL BASE = 12.768941 WHEEL TRACK = 10.368749 


AUX-WHEEL DETAIL 

PRESSURE =*ioiIbbS66**PSt’** TYRE DIA = 18.0 

TYRE WIDTH = 5.6200000 incHS RIM DIA = 

AXEL DIA = U33291U WHEEL FLANGE THICKNESS = 0.22893568 
NUMBER OF BOLTS = 8 ~ DIAMETER OF BOLT = 0.34813969inch 

WEB THICKNESS = 0.228y3668 SHOCK ABSORBED = ' PNUEMATIC 

HEIGHT OF LEG a 4.1666666f eet 
DETAILS OF LEG ===== " cQU , . 

EXTERNAL DIAMETER =1 ,1313689inch 
ASCESSORIES DETAILS ======' 

BRACE ONE ===== ^ 

eItERNAL DIAMETER n rh 

JK R S^a^ A 5 E I^?43Slel?"' ?71nCB 

TYPE CON FOR CONTINUE >CQN 


inciis 

8.0 


INTERNAL DIAMETER =0,69960466incn 

BRACE TWO sssss 
LENGTH = 3 8 . 4 897 17 inch _ 

EXTERNAL DIAMETER = 1 ,2932524inch 
INTERNAL DIAMETER = 0.86259940inch 


MAIM WHEEL DETAIL 

' ' 9 ® #«*#*«**#♦**# ® m • • • 

PRESSURE = 74,842103 PSi TYRE DIA =32.199995 IhChS 

AXLE E DIA D J H 2 a 65lJ889 0 °incns CnS WHEEL FLANGE THICKNESS = 0.16928348 

S^MaKS 1 ! 'o J?92834l 1A " E « SSSSBB E 8-2^82i85BiBSftATic 

HEIGHT OF LEG = 4 . 3541666f eet 



DETAILS Of LEG ===== 

EXTERNAL DIAMETER = 2 .K 8 yi 4 l> 0 inch 
ASCESsOrlES DETAILS ====== 

BRACE ONE ===== 

length = 

EX T K R N A L DIAMETER = 2 • 4 309545 Incft 
IATC-RaAL DIAMETER, = 1 „2l54 If linen 
JACK STROKE = 2.5bSR/Ef>£eet ' 

TYPE UF BRAKING SYSTEM. , 


INTERNAL DIAMETER = 1 , 762 3 /53 Inch 

BRACE two ===== 

LENGTH = 43.555J5oincn 
EXTERNAL DIAMETER = i.4604842incn 
INTERNAL UIAmETEk = 2.3<'dU29 i nen 


DISC 


TYPE CUN FOR CONTINUE >CCN 

TYPE THE DPT ION AS INDICATED BELOw 


OPTION 


SHORT FORM TO BE TYPED 


DESIGN COMPLETELY ACCEPTABLE 
DESIGN ACCEPTABLE AFTER ALTERATION 
FURTHER SEARCH DESIRED 
A NEW DESIGN DESIRED 


OK cthat design no> 

ALTER <THAT DESIGN NO > 
SEARCH < XX > 

NEW <HEw DESIGN NQ> 


CUUESTION PLEASE TYPE YOUR OPINION NOW ) > SEARCH XX 


_ 

DESIGN NO - DS3 

PURPOSE UF THE A/C 
WEIGHT OF THIS A/C = 
LANDING GEAR TYPE PN 


A4 

16500 


landing leg type 


retractable 


LOCATION DETAIL 


Wh££l BASE = 12.768941 


WHEEL TRACK = 10.36*749 


AUX-wHEEL DETAIL 

PRESSURE =*i0n6666b**psl’** TYRE DIA = 1B.G lnchs 

TYRE WIDTH = 5.6200000 incllS RIM DIA = 8.0 

AXEL DIA = 1.3329111 WHEEL FLANGE THICKNESS =0.22893568 
NUMBER OF BOLTS = 8 -DIAMETER OF BOLT = 0, 348139691nch 
WEB THICKNESS - 0.22893568 SHOCK ABSORBER = PNUEMATIC 

HEIGHT OF LEG = 4 . 1666666£eet 
DETAILS OF LEG ===== 

EXTERNAL DIAMETER =1 .1313689inch 
ASCESS01UES DETAILS ====== 

BRACE ONE ===== w 

LENGTH = 23.745U74inch 
EXTERNAL DIAMETER = 0.908496551nCH 
INTERNAL DIAMETER = 0.45424827inch 
JACK STROKE = 2.2674880£eef 

TYPE CON FOR CONTINUE >CQN 


INTERNAL DIAMETER =0 .69960466 Inch 

BRACE TWO ===== 

LENGTH = 38. 4897 17 Inch 

EXTERNAL DIAMETER = 1 .2932524Inch 
INTERNAL DIAMETER = 0.86259940inch 


MAIN WHEEL detail 


PRESSURE = 74.842103 PSl TYRE DIA =32.199995 Incfts 

Al^ E DiS D i H 2 = 6«iS8r"incJS CnS WHEEL FLANGE SSiCKNEsI i 5 5!lE92834 B 

NUMBER OF Bq£,TS = 12 DIAMETER OF BOLT = 0, 340235251nch 

SSb THICKNESS * 0.16928348 SHOCK ABS0RBEh’= OLEO-PNUEMATIC 

HEIGHT OF LEG s 4 . 354l60df eet 


EXTERNAL°DlkMiTER S! =2.88914001nch 
ASCESSORIES DETAILS ====== 

BRACE ONE ===== 

miikl E!^IIJ a i n ^ 4309545 Inch 

INTERNAL DIAMETER =1.21547 /l Inch 
JACK STROKE = 2.5b58/ub£eet ........... 

TYPE OF BRAKING SYSTEM DISC__ 

i==ss»=jssa!=*============== ::: == :ss ~ =s:==;:5:i::=:s=:::!:5::::::s ~~ :iI ** **““ 


INTERNAL DIAMETER =1 . 7623753inch 

BRACE TWO ===== K 4 . 

LENGTH = 43.5b535binch 
EXTERNAL DIAMETER = 3,4604842Inch 
INTERNAL DIAMETER = 2^081 429lnch 


TYPE CUN for C UiiTINuh 

> c: u i « 

-TYPE THL OPTION At, INDICATED BELO* 


OPT I 00 


SHORT FORM TO BE TYPED 


DESIGH COMPLETELY ACCEPTABLE 
DESIGN ACCEPTABLE AFTER ALTERATION 
FURTHER search desired 
A NEW DESIGN DESIRED 


OF < T H A T DESIGN ftU> 
ALTER <TH AT DESIGu NO > 
SEARCH < XX > 

NEW <NEw DESIGN N0> 


(QUESTION PLEASE TYPE YOUR OPINION N0«) >5EAPCH XX 


_____ 2ld_design_uetail 

’deSign~no”= " “ Dsi' 

PURPOSE OF THE A/C 
WEIGHT OF THIS A/C = 


A 4 

16500 


LANDING GEAR TYPE 
LANDING LEG TYPE 


PN 

RETRACTABLE 


LUC AT ION DETAIL 


BASE = 12.768941 


WHEEL TRACK = 10.368749 


AUX-wHEEL DETAIL 

PRESSURE =*ioi.6fa66fo**ps£** * TYRE DIA = 18.0 

TYRE WIDTH = 5.6200000 InCDS RIM DIA = 

AXEL DIA = 1.33/9111 WHEEL FLANGE THICKNESS = 0,22893568 
NUMBER OF BOLTS = 8 DIAMETER OF BOLT a 0 . 348 1 3969inch 

WEB THICKNESS - 0.22893568 - SHOCK ABSORBER = PNUEMATIC 

HEIGHT OF LEG = 4.16666661 eet * " 

DETAILS OF LEG ===== 

EXTERNAL DIAMETER =1.1313689inch 
ASCESSORIES DETAILS ====== - 

BRACE ONE ===== 

LENGTH = 23.7450?4inCD 
EXTERNAL DIAMETER = 0.90849655lnCh 
INTERNAL DIAMETER = 0,45424827incn 
JACK STROKE = 2.26748«()teet' 


incus 

8.0 


INTERNAL DIAMETER =0.69960466inch 

BRACE TWO ===== 

LENGTH = 38.489717inch 

EXTERNAL DIAMETER = 1 ,293252'tinch 
INTERNAL DIAMETER = 0 . 8b25994Qinc] 


TYPE 

CUN 


CON 


FOR CONTINUE >CGN 


MAIN WHEEL DETAIL 


PRESSURE = 74.842103 psi TYRE DIA =32,199995 InchS 

TYRE WIDTH = 9.1000000 InCUS RIM DIA = 15,5 

AXLE DIA =2.6350889 incfts WHEEL FLANGE THICKNESS = 0.16928348 

NUMBER OF BOLTS = 12 DIAMETER OF BOLT = 0. 34023525inch 

WEB THICKNESS = 0.16928348 SHOCK ABSORBER = QLEO-PNUEMAHC 

HEIGHT OF LEG 3 4.3541666£eet 


EXTEr!jAL 0 DIAMETER =2.8891400incn 
ASCESSORIES DETAILS ====== 

BRACE ONE ===== 

LENGTH = 3l.904328incn 
EXTERNAL DIAMETER = 4.4i09545incn 
INTERNAL DIAMETER = 1,2154/ ?UncD 
JACK STROKE = l .5658 706teet ' 


INTERNAL DIAMETER =1 ,7623753inCD 

B LENGTH W = i5“555356incD 

EXTERNAL DIAMETER = 3 . 4604842 inch 
INTERNAL DIAMETER = 2,3081429incn 


TYPE__0F_8RAKIx1G^SYSTEM. DISC____ ________ 

TYPE CON FOR CONTINUE >CQN 

TYPE THE OPTION AS INDICATED BELOW 

OPTION SHORT FORM TO BE TYPED 


*• null 



DESIGN COMPLETELY ACCEPTABLE OK < I RAT DeSIGk nt)> 

DESIGN ACCEPTABLE At* TEH ALTERATION ALTER <IHAT DESIGN NO > 

FURTHER SEARCH DESIRED SEARCH < XX > 

new <he»v design nd> 

(QUESTION PLEASE TYRE YOUR OPINION wQw) > ALTER 0S2 
PLEASE TYPE A HEW DESIGN NO »••••«*•« >DS5 

ODD DESIGN PARAMETERS ARE LISTED BELOW . G I YE OPEN ION BY TYPING Cftancje OR 
no 

name of tne parameter old value opinxcm/ne wvalue 

FRICTION-COEF GROUND 0.44999999 >NU 

% WEIGHT ACTING ON AUX-wHEEL 12.0 >CHANGE 

PLEASE TYPE NEW VALUE ...... >15,0 

CG VALUE OF THE A/C 7.8999999 >NO 

ASPECT-RATIU VALUE 7.0 >NO 

STALLING VELOCITY OF A/C 50.0 >CHANGE 

PLEASE TYPE NEW VALUE OF VELOCITY .... >60.0 

FR1CTIQN-C0EF OF BRAKING MATERIAL 0.35000000 

>N0 

HEIGHT OF LEGS AT FORE AND AFT LOCATIONS 4.0 4.5 >NQ 

TYPE OF LANDING GEAR PN >N0 

BRAKING SYSTEM DISC >NO 

* 0 s « (J « f » 90 ?! ® 9 M »/ a * ® » 9 « O * ® * * ® ® * * 9 « fl « M I » « f ® « o 

DESIGN WILL BE DONE FOR NOSE WHEEL -TYPE 

UNDERCARRIAGE LOCATION DETAILS 
FORE LOCATION 8.6828800 feet 

AFT LOCATION 1 .5322729 feet 

WHEEL BASE 10,2X5152 feet 

WHEEL TRACK 10,734705 feet 

*s» w* mm up. m» *p 0m «p m m .«* mm t*:** *»<p» «• WHa*mm.wm ^ ^ •» w«- wp »•» w-iw 

MEDIUM CLASS AC 

******************** 

PARTS DESIGN 
***** ** ******** ***** 

B£5SS«_gE-*S5:2SS5S 

AUX-WHEEL PRESSURE WILL BE CALCULATED 

AUX-WHEEL TYRE SELECTION 

NUMBER OF’ TYRES IN AUX- WHEEL l.u 

STATIC LOAD ON AUX-wHEEL 3000.0 

PRESSURE FINAL = 101.66666 

AUX-WHEEL DBMILS m „ KE ,J.. mm 

TYRE WIDTH ~ 5.6200000 

WHEEL RIM DIAMETER'' 8.0 - . 



DETAILED DESIGN UP AIJX-WHEEL PARIS 

^ ^ ii» * ^ ^ W l» iw w w» » ia «« r »» M M 0 ^ r ^ ^ r ^ lo ^ ^ 

WHEEL WILL BE DESIGNED AS MODERN SPLIT UPfc WhfcbL 
FINDING AXLE DIA 

HOLLOW AXLE OF OUTER DIA 1.4357282 
FLANGE THICKNESS s E.22H9ibLtt 


designing FASTENING bolts 

MATERIAL OSLO DpES-HEAKlH NICKEL STEEL 

NUMBER OF BOLTS 8.V 
DIA UF bOLT U,i481iyr>y 


FINDING MAXIMUM STRESSES IN wEB UF A UX- WHEEL 


ASSUMING THICKNESS of web EQUALS TO THICKNESS of flange 
STRESSES CALCULATED AS 

MAXIMUM RADIAL SIPESS «569t».G61Q 
MAXIMUM TANGENT 1M STRESS 22442,354 
MAXIMUM SHEAR STRESS 908.22345 


STRESSES CALCULATED ARE WITH IN THE LIMITS 
THICKNESS OF WEB OF AUX-WHEEL G ,2289356b 

CHECKING ABOVE DES1GHED THICKNESS FOR A TORQUE 

MAXIMUM SHEAR STRESS DUE TO PURE TORQUE 2395.9222 

AMOVE CALCULATED SHEAR STRESS IS WITH IN THE LIMITS 
FINAL WEB THICKNESS" 0.2289356,8 inch 


2§sign_uf_aux-wheel_leg_ 

HEIGHT OF AUX-WHEEL LEG 4.1666666 

PNUEMA1IC TYPE OF SHOCK ABSORBER 
SHOCK ABSORBER TRAVEL 0, 79895253 FT 

ANALYSING THE LANDING LEG 

OPTIMAL WEIGHT DESIGN OF MAIN VERTICAL MEMBER STARTS 


(QUESTION WHAT IS VALUE OF PENALTY PARAMETER) >1.0 
(QUESTION WHAT IS VALUE OF EXPONENT) >2.0 
(QUESTION WHAT IS VALUE OF CONSTANT) >10.0 

DESIGNED DIMENSIONS . , , 

- - EXTERNAL DIAMETER U. 61878094 

INTERNAL DIAMETER 0.3699443/ 

DESIGNED DIMENSIONS , 

- " EXTERNAL DIAMETER 0.85339551 

INTERNAL DIAMETER 0.53849257 

DESIGNED DIMENSIONS _ , 

EXTERNAL DIAMETER 1.1928144 

INTERNAL DIAMETER 0,72/61680 


DESIGNED DIMENSIONS OF MAIN VERTICAL MAMBER IN inch 
- - EXTERNAL-DIAMETER 1.1928144 

internal diameter o.727bi680 


DESIGNED DIMENSIONS OF C| 


INTERNAL DIAMETER 0,50786501 
EXTERNAL DIAMETER 1 *.0157 300 
DESIGNED DIMENSIONS OF ED 

- INTERNAL" DIAMETER 0.96441544 

EXTERNAL DIAMETER 1,4459002 



DESIGNED JACK-STROKE 2.26/4881 FhE'I 

H§§Ii;5!,2E«.22iSr w ”£ Klti 


^AlL-WhEEL PRESSURE tv ILL BE CALCULATED 

MAli.-WhEEL HYht, SELECTION 

LUMBER Gf TYRES IN MAIN-WHEEL 2.0 

STATIC LEAD UN MAIL-WHEEL 7012.5 

PRESSURE IF INAL = 72,236842 


MAIN-WHEEL details 

DIAMETER UF TYRE 
TYRE WIDTH 
WHEEL RIM DIAMETER 


32. 199995 
9*1 0000UU 
15,5 


DETAILED DESIGN Of MAIN-WHEEL PARTS 
WHEEL WILL BE DESIGNED AS MODERN SPLIT TYPE WHEEL 
FINDING AXLE DIA 

HULLO W AXLE UF OUTER DIA 2.6245983 
FLANGE THICKNESS = U. 17731269 

designing fastening bolts 

MATERIAL USED OPEN-HEARTH NICKEL STEEL 

NUMBER OF BOLTS 12.6 
DIA OF BOLT 0.34821U55 


FINDING MAXIMUM STRESSES IN WEB UF MAIN-WHEEL 

ASSUMING THICKNESS UF WEB EQUALS XU THICKNESS Of FLANGE 

STRESSES CALCULATED AS 

MAXIMUM RADIAL STRESS -8967,7735 
MAXIMUM TANGENTIAL STRESS 28032.034 
MAXIMUM SHEAR STRESS 3300.6741 


STRESSES CALCULATED ARE WITH IN THE LIMITS 
THICKNESS OF WEB Of MAIN-WHEEL 0.17731269 


CHECKING ABOVE DESIGNED THICKNESS FOR A TORQUE 

MAXIMUM SHEAR STRESS DUE TO PURE TORQUE 9589,2232 

ABOVE CALCULATED SHEAR STRESS IS WITH IN THE LIMITS 
FINAL WEB THICKNESS' 0,17/31269 Inch 

design of main-wheel^leg 


height OF MAIN-WHEEL LEG 4,3541666 

PLEASE GIVE YOUR WE1GHTAGE FUR THE FOLLOWING u - vruIIU 

SPRING CHARACTQRS I« THE RANGE OF ' 1 TO 10 . 10 BEING MAXIMUM 

1 SIMPLICITY Of SHOCK ABSORBER 

2 WEIGTH OF SHOCK-ABSORBER 
J EFFICIENCY OF ABSORBER ' 

CyUES?!feN A TYPE T YOUR ANSWERS^WITH A BLANK SEPERATING THEM) >6 7 

fur main wheel oleo-pmuematic shock absorber is used 

SHOCK ABSORBER TRAVEL 0.69474133 FT 

analysing the landing LEG 


8 4 


OPTIMAL WEIGHT DESIGN OF MAIN vertical MEMBER STARTS 

(QUESTION WHAT IS VALUE OF PENALTY PARAMETER) >1.0 
(QUESTION WHAT IS VALUE OF EXPONENT) >2.0 
(QUESTION WHAT IS VALUE OF CONSTANT) >10,0 



SIGNED DIMENSIONS 
•• ' EXTERNAL DIAMETER 

INTERNAL DIAMETER 


1,5929794 
1,095 1 158 


IhSiGNED DIMENSIONS 
- ' EXTERNAL DIAMETER 

INTERNAL DIAMETER 


1 , 759 1199 
1.1110438 


JlSIGnED DIMENSIONS 
-- - EXTERNAL diameter 

INTERNAL DIAMETER 


2.0831270 

1,2290449 


)EaIGNfcL DIMENSIONS 

" " EXTERNAL DIAMETER J, 0110857 

INTERNAL DIAMETER 1,8619650 


)ES1GNEL DIMENSIONS UP M A I H VERTICAL MAMBEp IN inch 
~ - EXTERNAL- DIAMETER 3.0110857 

INTERNAL DIAMETER 1,8619650 


^siGNpiG^scEssoRiES-Of^ANDiN^LEG 


DESIGNED DIMENSIONS OF CE 

INTERNAL DIAMETER 
EXTERNAL DIAMETER 
DESIGNED DIMENSIONS OF ED 

INTERNAL DIAMETER 
EXTERNAL DIAMETER 


1,1945792 

2,3891585 


2.2684585 

3,4009872 


DESIGNED SACK-STROKE 2,5658706 FEET 

KINETIC ENERGY THAT HAS TO BE ABSORBED BY BRAKES IS 712800,0 

finding force required to brake stop the vehicle after landing 
system ’ratIng ’for’ shake ’types’ ****** 


BRAKE TYPE SYS, RATING VALUE 


SHORT FORM 


FOR THE SYSTEM TO 

CONTINUE ITS OWN DESIGN 

CON 

SHOE BRAKE 

1.9999997 

SHOE 

DRUM BRAKE 

0,99999980 

DRUM 

DISC BRAKE 

■80.0 

DISC 

NO BRAKING 

0.99999990E-1 

NO-BR 

parachute brake 

OF FRICTION SURFA< 
UF FRICTION PLATE! 

0.99999990E-1 

m mm m m m m m -mmm m mrnmmmmm mm*m m m m 

:es is i \ . 

SI 

PARA 


Snouicl I try for another answer CY/N) ;>n 
OK 

<|0>RECORDFILE 

RECORD FILE DSK: S81 CLOSED 06-FEB-88 21; 16:01 



J||l^_21‘^^i2!:_U«DER_CARRlAG! 

design yuHBER”:::::::::::~”5ii' 

PURPOSE of the AIRCRAFT — 


A4 


WEIGHT (jF THF A/C — |S500 

TYPE OF LANDING GEAR PH 

.I!™2L— ™*S.£ E £ RETRACTABLE 

LOCATiny DETAILS 


TYPE 


WHEEL BASF. — . 
WHEEL TRACK — 


10,215152 feet 
1C, 131705 feet 


. A HH£I A !!L£!;£.H:iiL5!EI A I LS 

’AUXlLliLY~iHiiL~DiiilLs"'’” 




A»JX-WHgEL PRESSURE 101.66666 PSi 

TYRE DIAMETER 18.0 inches 

TYRE WIDTH — — - 5.6200000 inches 

RIM DIAMETER — — 8,0 inches 

AXLE DIAMETER 1.4357282 inches 

NUMBER OF ODETS 8 

DIAMETER OF BOLT 0.34813969 inches 

WEB THICKNESS 0. 228^3568 inches 


AUXILIARY WHEEL LEG DETAILS, 


SHOCK ABSORBER PNUEMATIC 

HEIGHT OF LEG — — 4 , 1666666f eet 

EXTERNAL DIAMETER — — 1.1928144 inches 
INTERNAL DIAMETER ——0.72761680 inches 

ASCESSCRIES DETAILS 

BRACE ONE 

LENGTH 23.745075 inches 

EXTERNAL DIAMETER -1.0157300 

INTERNAL DIAMETER ——0.50786501 


BRACE TWO — — 


Inches 

inches 




LENGTH — 38,489719 inches, ^ 

EXTERNAL DIAMETER 1,4459002 inches 

INTERNAL DIAMETER — — 0.96441544 inches 

JACK STROKE 2.2674881 feet 

i2£!2-5 

*MAlN“wHEEL~DETAiLimT77 

MAIN WHEEL PRESSURE — — 72.236842 PSi 

TYRE DIAMETER — 32.199995 inches 

TYPE WIDTH — 9.1000000 inches 

RIM DIA OF THE MAIN WHEEL 15.5 inches, w 

AXLE DIA OF THE MAIN WHEEL 2.62459H3 inches 

NUMBER OF BOLTS P, w „ 

DIAMETER OF BOLT — 0.34821055 inches 

WEB THICKNESS i££™ — 

"main wheel leg DETAILS — — — ___ 

• m m m m m m m m mm. 'mm m m m.m m *»«****• *“ ■*' **» m " m ** m 


SHOCK ABSORBER — — OLEQ-PNUEWATIC 
HEIGHT OF LEG “*-'*4. 3541666 feet 
external DIAMETER — — 

INTERNAL DIAMETER, — — 1.8619650 

ASCESSORIES DETAILS — — 

BRACE ONE -gp T 31.904328 

EXTERNAL DIAMETER 

internal diameter 

BRACE TWO — — 

LENGTH —— 43.555356 

EXTERNAL DIAMETER — — 
INTERNAL DIAMETER 
JACK STROKE — — 2.5658706 

FLANGE THICKNESS OF THE RIM 


inches 

inches 


sss'sss: 


inches..^ 
2.3891585 
1.1945792 

inches 
3.4009872 
212684585 
inches __ w £ . 
---0.17731269 

**»«*'****» — — rnmlmmmm, mm mm 

TYPE OF THE BRAKEING SYSTEM — - DISC •• Z m . 

± 1 ^ a b s s = a s * = » 31 = = * s s 3 * s s = a 3 * = = = = = s s - s 55 = * = s B = : 

......END OF DETAILS ..... 

3SS! j S - ! _ sa!S -;a3ss»s=as=*aa ;s s=== !S = ==!S = !=s: s :£=!!:=s:=::: - ; 


inches 

Inches 

inches 

inches 

inches 


assssss! 




